AD-A119 327 NAVAL OCEAN SYSTEMS CENTER SAN DIEGO CA F/6 13/10
WORK SYSTEMS PACKAGE AUTOMATIC TOOL INTERCHANGE. LABORATORY STU==ETC(U)
JUN 82 C E MORRIN

UNCLASSIFIED NOSC/TR-262

. 1




.AD A119327

292 ¥1 OSON

Technical Report 262

WORK SYSTEMS PACKAGE AUTOMATIC
TOOL INTERCHANGE

Laboratory study shows that automating
certain WSP functions is feasible

CE Morrin
10 June 1982

D
% Final Report for Period October 1977 — June 1978
. O
H Prepared for
E}i' Naval Sea Systems Command
. Washington DC 20362
=

Approved for public release; distribution uniimited | _’!;:1-! S

NAVAL OCEAN SYSTEMS CENTER  { o ogm ) |
SAN DIEGO, CALIFORNIA 92152 S ¥ I

¥
X
AR

4%
Fos

M




NAVAL OCEAN SYSTEMS CENTER, SAN DIEGO, CA 92152

AN ACTIVITY OF THE NAVAL MATERIALCOMMAND

SL GUILLE, CAPT, USN HL BLOOD
Commander Technical Director

ADMINISTRATIVE INFORMATION

This study was made for the Naval Sea Systems Command by members of the
Advanced Systems Division (Code 521), under Program Element 63713N, Project
SSL49001, Task Area 16617, as part of an effort to develop automation of certain
functions of the Work Systems Package. This report covers work performed during
FY78 and was approved for publication 10 June 1982.

Released by Under authority of
IP Lemaire, Head HR Talkington, Head
Advanced Systems Ocean Technology
Division Department
METRIC CONVERSION
To convert from to Multiply by
feet metres (m) ~3.05 X 1071
inches m 2.54 X 10~2
pounds kilograms (kg) ~4.54 X 107!
minutes (angular)  radians (rad) ~2.91x 1074
pounds per kilopascals (kPa) ~ 6.89
square inch (psi)
tons (short) megagrams (Mg) ~9.07 x 107!
gallons per minute m3/s ~6.31 X 107°
(gpm)

e aes ., blas

Krodivi iy

A
e R e ke i s M

Pags Yoo i) <xsin Sayy




FIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE pEF AP INSTRUCTIONS
Y. REPORT NUMBER 2. GOVT ACCESSION NOJ{ 3. RECIPIENT'S CATALOG NUMBER

NOSC Technical Report 262 (TR 262) &-’ A 1 j )

4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED
WORK SYSTEMS PACKAGE AUTOMATIC TOOL INTERCHANGE Final Report for Period
Laboratory study shows that automating certain October 1977 - June 1978
WSP functions is feasible 6. PERFORMING ORG, REPORT NUMBER
7. AUTHOR(a) §. CONTRACT OR GRANT NUMBER(Y)
CE Morrin
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. DROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS ’
Naval Ocean Systems Center PE 63713N
San Diego, CA 92152 Proj SSL49001
Task Area 16617
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT OATE
Naval Sea Systems Command 10 June 1982

Washington, DC 20362 [L 8 luzlg..ga OF PAGES

4. MONITORING AGENCY NAME & ADDRESS(If different from Controlling Otfice) 18. SECURITY CLASS, (of this report)

Unclassified

1Sa. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this icporl)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, 1f different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse aide if necessary and ldentify by block number)

Work Systems Package (WSP) Marine salvage and recovery
Manipulators—remote control Installation and repair—ocean bottom
Underwater vehicles Underwater tools—program controlled interchange

Awomation—work

0. RACT (Continue on reverse side if y and identify by bleck number)

The Work Systems Package (WSP) is a remotely controlied manipulator with tools and support equipment,
developed to interface with manned and unmanned undersea vehicles to perform ocean-floor salvage, recovery,
installation, and repair tasks, Since bottom time is limited, risk factors are high, and visibility often is poor or
hampered, automation of certain WSP functions would take advantage of the limited available power and reduce
the risk factor. Automating the WSP via a computer program allows the WSP accessories (eg, tool box and tools)
to be moved out of the prime visibility area of a manned vehicle and helps the operator to perform tasks faster
and more efficiently. K

DD ,"an'ys 1473  oiTion oF 1 nov 48 13 OBsOLETR

S/N 0102-LF-014-6601 —MHD_TT'T
‘ SECUMTY CLABBIFICATION OF THIS PAGE (When Data Entered)

R T e S —




OBJECTIVES

1. Determine the feasibility of automating the tool interchange portion
of the tasks performed by the Work Systems Package (WSP) by conducting a lab-

oratory demonstration.

2. In particular, demonstrate that automatic tool interchange can be
performed repeatedly without malfunction when the WSP is equipped with fixed-
rate position control (hydraulic solenoid valves).

RESULTS

1. The feasibility of automatic tool interchange with the WSP was
demonstrated in the laboratory.

2. Equipped with fixed-rate position control, the WSP performed auto-
matic tool interchange repeatedly without malfunction.
RECOMMENDATIONS
1. Incorporate automation into the next work system that is built.

2, Ultimately, conduct in-water tests of the automated work system to
verify its feasibility.
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INTRODUCTION

BACKGROUND — THE WORK SYSTEMS PACKAGE

The Work Systems Package (WSP) program, part of the Deep Ocean Technology
{DOT) project, was initiated in February 1972 by NOSC in conjunction with the
Battelle Memorial Institute (Columbus OH), the Naval Civil Engineering Labora-
tory (Port Hueneme CA), and the David Taylor Naval Ship Research and Develop-
ment Center/Annapolis (Annapolis MD), under the direction of the Naval Sea

Systems Command.

The WSP is a 5-ton, neutrally buoyant machine assembly designed for
ocean-floor salvage, recovery, installation, and repair operations at depths
to 20 000 feet. It has restraining and manipulator arms and hands, specially
designed tools and a customized tool box, a video monitoring system, required
support equipment, and a self-contained power source. It is intended tc pro-
vide a heavy-duty underwater work capability for the Navy's Cable-~Controlled
Underwater Recovery Vehicle, CURV 1III, or Remote Unmanned Work System (RUWS),
both cable-controlled submersible vehicles, and the manned vehicles Alvin,
Sea Cliff, and Turtle (ref 1). It can also be positioned and controllad with-
out a submersible, from a surface support ship or by divers.

The WSP performs its work functions without having to resurface for tool
interchange. The two outer restraining (grabber) arms attach to the work
piece to maintain a stable physical orientation with the work object. The
manipulator, located between the grabbers, is a seven-function articulated arm
that can select, interchange, and operate a variety of hydraulically powered,
explosively actuated tools. With the tools it can cut cable or synthetic .
line, torque muts, jack, pry, wire-brush, saw, grind, drill, tap, chip, and

1. Design for Remote Work in the Deep Ocean, by RL Wernli (NOSC), paper pub-
lished in ASME publication 78-~WA/OCE-4, contributed by the Ocean Engineering
Division of the American Society of Mechanical Engineers for presentation at
the ASME Winter Annual Meeting, San Francisco CA, 10-15 Decamber 1978.
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drive studs. ‘The integral tool box has "pigeonholes™ and brush-type retainers
for the various tools and external clip mounts for the tool bits. The primary
power source is a 60 V dc lead-acid battery bank, which drives a 1-gpm 2000~
psi motor-pump unit for operating the manipulator and a second, high-flow,
2.5-gpm 3000-psi motor-pump unit for powering the tools. High-pressure oil
for tool actuation is supplied through two external hydraulic hoses to quick
disconnects at the manipulator hand, The operator controls the WSP functions

from the host vehicle, through a multiplexed telemetry circuit.

SCOPE OF THIS REPORT

The basic WSP components used in the automatic tool interchange study .
reported here were developed in the course of the WSP program and have been
employed continuously since its inception in 1972 (ref 2, 3). This report
focuses on (1) the modifications and added components (ref 4) necessary to
effect automation of the WSP and (2) the analyses and tests used to demon-

strate the feasibility and accuracy of the automated device.

DESIGN OF THE WSP TOOL INTERCHANGE

Work systems previous to the WSP had been employed, but only one or two
tools were used on a single dive. The main objective of the original WSP was
to provide a large number of tools and a tool interchange capability. This
was intended to allow the operator to perform very complex missions in only

one dive.

2. Development of a Design Baseline for Remotely Controlled Underwater Work
Systems, by RL Wernli (NOSC); paper published in IEEE publication 78 CH 0134-7 '
OEC, Oceans '78, record of the Fourth Annual Combined Conference sponsored by
the Marine Technological Society and the IEEE Council on Ocean Engineering,
held in wWashington DC, 6-8 September 1978, p 130.

3. NOSC TR 214, Evaluation of the Design and Undersea Work Capability of the
Work Systems Package, by WR Bertsche, KP Logan, AN Pesch, and RL Wernli '
(Principal investigator), ' April 1978.

4. NOSC TN 360, NOSC Informal Progress Report, Fiscal Year 1977; Work Systems
Package (WSP) Program, by RL Wernli, 1 April 1978. NOSC TNs are informal doc-
uments intended chiefly for internal use.
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The designers were concerned that the operator would find tool inter-
change difficult. Consequently a premise of the early design process was that
tool interchange had to be conducted in the best viewing area — with some di-
minution of the mission operating area if necessary. Thus the large, unwieldy
tool box of the WSP was located in the prime operating area. Subsequent
testing and analysis demonstrated that tool interchange could be accomplished

easily by means of this approach.

AUTOMATION OF THE WSP

In this study, automation of the tool interchange was considered. This
approach would permit the tool box to be located outside the prime operating
(viewing) area. There were two concerns:

1. There were no known automated robotic systems that worked in the deep
ocean,

2. The known high precision robotics (NASA and assembly line automation)
all used variable-rate control rather than fixed-rate (solenoid)
control.

The WSP manipulator is factory equipped with solenoid valves (for fixed-rate
control). Besides being iess expensive, fixed-rate control consumes less
power — an important consideration since the WSP operates on batteries and its

power consumption limits its mission time.

Deep-diving manned submersibles are limited in both the power available
to perform work operations and the amount of life-support power available to
the crew. A reduction in overall operating time may allow a mission to be
completed more quickly or may allow more work to be done per dive. For a
20 000-foot dive, the effect can have a significant impact on the overall
operation of the mission. For a tethered submersible, which may have unlim-
ited power available, time reductions would be the primary factor. During
operations under adverse weather conditions, the weather window available for
operation of tethered systems may be very small. Thus the importance of

expedience in such missions, as was shown dramatically during the recovery of
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an F-14 off Scotland.* In any case, reduction of operator fatigue — especial-

ly in a manned boat, where comfort is not the general rule — would be

advantageous.

Although automatic tool interchange was considered too risky for immedi-
ate implementation in an operational WSP, a task was begqun to evaluate the
feasibility of automation. A programmer to effect automatic manipulator con-
trol through fixed-rate control valves was built and demonstrated on the link-
age manipulator (ref 4). Since the results of this preliminary test were
encouraging, it was decided to go ahead with evaluating the feasibility of
automatic tool interchange on the WSP. This paper describes that effort.

SYSTEM DESCRIPTION

FUNCTIONAL DESCRIPTION

Further tool interchange technology that had to be developed before the
objective could be achieved included (1) modifying the WSP manipulator by
adding angular position sensors to the manipulator joints that were to be
automatically controlled, (2) providing the necessary command and feedback
interfaces between a microprocessor and the WSP manipulator, and (3) devising
a tool-interchange camputer program for the microprocessor. Tests then could
be conducted to demonstrate whether automatic tool interchange could be
performed repeatedly without malfunction.

*An F-14, equipped with a Top Secret Phoenix missile, fell into 2000 feet of
water from a carriec off the coast of Scotland in September 1976. Soviet
trawlers observed the incident.

Recovery of the F-14 was ordered by President Ford, but the search and
recovery operations took more than a month because of adverse weather condi-
tions, typically sea state 4-5.

When the P-14 was recovered, there were two fishing nets wrapped around
it. Although it was too big for the nets, the Phoenix missile easily could
have been recovered accidentally by fishermen.
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Figure 1 is a functional block diagram of the WSP demonstration system.
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Automatic tool interchange demonstration system functional
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SYSTEM REQUIREMENTS

Accuracy

The basic accuracy requirement is that the manipulator be able to hit
within the alignment guides on the tool. Table 1 shows the specifications

Y

derived for the WSP manipulator. It is assumed that the guides are designed
for a maximum error of 0.25 inch and that the manipulator contains a tool

that extends 1 foot beyond the tip of the hand.

Option Manipulator Position Error, Angular Error,
Joint?* inches minutes
Nominal | Desirable Nominal | Desirable
.
1—Same error for SL 0.045 0.020 2.0 1.0 ' 4
each function su 0.045 0.020 2.0 1.0 v
(standard deviation) E 0.045 0.020 3.0 1.5 {4
wu 0.045 | o0.020 4.9 2.0 ;
WL 0.045 0.020 4.0 2.0 :
Overall 0.100 0.040 I
2-Same encoder SL 0.055 0.020 2.5 1.0 E
for all functions suU 0.055 0.020 2.5 1.0 '
E 0.040 0.015 2.5 1.0
’ WU 0.025 0.010 2.5 1.0
! WL 0.025 0.010 2.5 1.0
Overall 0.100 0.040 {
*SL, = ghoulder left/right
SU = gshoulder up/down
€ = elbow up/down
WU = wrist up/down
WL = wrist left/right
Table 1. Allowable position error of each manipulator arm functional element
and derived allowable angular error of each associated joint.
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accurately.

Temperature Variation

brift

year requirement is probably necessary.

Long-Term Drift

tronics drift must be controlled.

1

Accuracy must be maintained for at least 1-2 months.

Accuracy must be maintained over a period of 1 year.

Manipulator Control High-Accuracy
Joint Range,® Range,°*
su 210 45
SL 180 120
E 270 **45
WU 270 *%*45
WL 180 5

potentiometers were not coupled to the shoulder up/down movement.

Table 2. Ranges of control and high accuracy.

Accuracy must be maintained over a temperature variation of 0° to

Table 2 shows the angular ranges over which the joints with sensors can

be controlled and the much narrower ranges over which a tool can be controlled

* Subject to change, depending on tool box design and work area limits.

**These functions could be less inhibited if the elbow and wrist up/down

30°cC.

If accuracy can be

Therefore,

maintained for 1-2 years, maintenance requirements would be substantially

lower. If this system is to be delivered to Navy operating forces, the 1-2

elec-
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1 Shock and Vibration

The system must be designed to withstand a standard shipboard

environment.

Linearity

Linearity is not required but is desirable in that it would allow more

sophisticated software techniques.

MANIPULATOR

The manipulator (ref 1, 3), manufactured by Programmed and Remote (PaR)

Syvstems Corporation, is actuated by individual hydraulic motors or actuators I

that articulate shoulder rotate and pivot, elbow pivot, wrist rotate and

!
pivot, and hand open and close motions. Hydraulic supply pressure to each %'
function is gated on or off by electrical commands to associated built-in ‘

electrohydraulic solenoid valves. ‘4

l
POSITION ENCODING ! ]
I

The angle between the elements comprising each joint of the manipulator !
(except wrist rotate and hand open/close) must be accurately measured and
converted to a voltage, to provide the feedback necessary for computer-con-

trolled autamation of the tool interchange function.

POSITION FEEDBACK TRANSDUCERS

Angular position can be sensed satisfactorily by either an absolute or an

incremental encoder. The incremental encoder is easier to align when realign-

ment is necessary, but it has to be reinitialized after power loss.

12
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At least four types of transducers exist for this purpose:

Electromechanical (potentiometers)
Optical
Magnetic (synchros)

Mechanical (pin contacts)

Potentiometers, which are functionally absolute, may be wire-wound,
ceramic-metallic (cermet), made of conductive plastic, etc. Conductive
plastic potentiometers were selected for sensors in this study because they
are inexpensive and easily interfaced. These potentiometers, used success-
fully in the demonstration, had accuracies of 1 part in 10 000. It is ques-
tionable, however, whether long-time accuracy better than 1 part in 2000 to
4000 can be achieved under shock, vibration, and variations of temperature and
power-supply voltage. This degree of accuracy should be acceptable if two or
more potentiometers can be stacked on the same shaft—one for coarse measure-

ment, one for fine.

Optical encoders can be either absolute or incremental. Off-the-shelf
incremental optical encoders are available with accuracies of 1 part in

20 000, but their ability to withstand pressure has not been established.

Synchros are probably the best type of position sensors. They are rela-
tively expensive, however, and the high-accuracy versions tend to be signifi-

cantly larger than potentiometers.

Pin-contact sensors do not have sufficient accuracy.

MODIFICATION DESCRIPTION

To provide angular-position feedback signals necessary for automatic
operation, manipulator precision potentiometers were attached to the five
applicable joints (fig 2). The devices chosen were Bourns Instrument Company
7/8-inch diameter, servomount, 10 kQ conductive plastic potentiometers, type

13
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6534S-1-103. They were externally mounted on the shoulder azimuth, shoulder
pitch, elbow pitch, wrist pitch, and wrist azimuth functions (fig 3) by means
of lightweight, inexpensive potentiometer mounts. For simplicity of opera-

tion, wrist rotation and hand open/close were operated by direct switch con-

trol, without feedback.

CONTROL UNIT

The control unit (showing in the background, fig 3) consists of a micro-
processor, a relay unit, a data acquisition unit, and associated power sup-

plies. The microprocessor is programmed as follows:

1. To respond to discrete control signals from the hand-held terminal
function buttons by causing the relay unit to send various combinations of
electrical commands to the electrohydraulic valve solenoids, driving the

manipulator in selected motions.

2. To stop the manipulator motions at predetermined positions of the
manipulator hand as determined by processing feedback voltages received via

the data acquisition unit from the manipulator joint angular sensors.

TERMINAL

The hand-held terminal, manufactured by Termiflex (fig 4), was adapted
for operator programming and command input to the control unit and for limited
CRT display of monitored functions. It is ideal for use in the confined
enviromment of a manned submersible. The operator inserts codified instruc-
tions into the microprocessor by punching appropriate pushbuttons on the

terminal's miniature keyboard.
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LRO 466-2-788

Figure 2. Closeup of one of five potentiometer

mounts on WSP manipulator.

LRO 465-2-788 '
Figure 3. Overall view of WSP manipulator with
position encoding potentiometers mounted

appropriately at joints.




LRO 487 2-78B

Figure 4. Termiflex HT/2 hand-held computer terminal.

TOOL BOX AND TOOLS

The tool box (fig 5) and tools used in the study were those developed for

the WSP (ref 1).

DESIGN REQUIREMENTS

Precision ,control of a solenoid-controlled manipulator is a significantly
different process from precision control of a servo-controlled manipulator. A
servo unit can be slowed down as it approaches the desired point. A solenoid
unit, however, is turned off abruptly somewhat before reaching the desired

point; its final position depends on how far it moves during valve closure.
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LRO 4851-8-77
Figure 5. Tool box.

The algorithm for the control unit is as follows:

Determine which direction to move manipulator.

Open solenoid; manipulator starts moving.

Monitor position of manipulator.

When manipulator reaches critical position, turn off (close) solenoids.

Effect no further control until manipulator stops moving. (There may
be several oscillations.)

Compare final position of manipulator to desired position. 1If error is
significant, try again.

s in Kt




Several quantitative data values are associated with each movement, as
follows.

Desired Location

The dasired location (preprogrammed) is selected by the operator. The
coordinates of the desired location are initially determined by moving the arm
to that location and automatically reading the coordinates (potentiometer
readings). Known coordinates can be entered by the operator.

Tolerable Error

The maximum error is based on the following model. The manipulator is
moved towards the tool box by using five functions in a sequence. The final
operation — extend — consists of two simultaneous functions. On this final
extend operation, the manipulator must contact the alignment grooves on the
tool box. When the manipulator hand reaches the tool box, the maximum correc-
table error is 1/4 inch in any direction, within a plane perpendicular to the
extend function travel. (This is discussed further in appendix C.)

Solenoid Turn-off Point

The "coasting time" is a function of the following:

Individual manipulator function.

Direction of travel. The length of coast is greater for down movement than
for up movements.

Weight of manipulator. Usually this factor is limited to the weight of the
object being transported. .




Hydraulic pressure. The hydraulic pressure drops when more than one

function is operated. Consequently it is difficult to estimate the |4
coasting time if another function is operated and the one which will turn :
off first is not known. A
Water depth. Ambient pressure increases with depth. This may affect the f
coasting time, but there are no data available. \Be

1

Required Feedback Sampling Rate i/

N

The sampling rate is determined primarily by the rate at which the arm
moves. The worst-case sample rate occurs with shoulder movements since they
move the fastest. Shoulder movements cause the hand to move through an arc of
about 7-foot radius. At 1.26 rpm, the tip speed is thus 11 inches per second.
The shoulder has a nominal accuracy of 0.05 inch (see appendix C). The manip-
ulator travels 0.05 inch in about 4.5 ms. Consequently, the decision time ]

should be less than 450 gs. A 45-us decision time was established as a design |
goal to eliminate this parameter as a problem. The final design required (
30 us between decisions (33 kHz sample rate).

FUNCTIONAL DESCRIPTION i

The control unit contains the following components:

Data acquisition unit
Microprocessor
Hand~held terminal
Relays
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Data Acquisition Unit

Potentiometers are attached to the manipulator. A precision voltage
source (20 T 0.001 V) provides power to the potentiometers via a shielded g
twisted pair. Other shielded twisted pairs bring the wiper voltage and the !

1

negative reference to the analog multiplexer.

The analog multiplexer has two stages. The first stage selects two '
potentiometer signals and inputs them into high~accuracy, slow-settling,
differential instrumentation amplifiers. The second stage is used for the
rapid selection of one of the two signals selected by the first stage. This
signal is measured by a high-speed 14-bit analog-to-digital converter. The

A/D converter and multiplexer operate under computer control.

Microprocessor i_

An Intel 8080 microcomputer monitors the potentiometers and controls the

relays as commanded by the operator. The computer contains random access '
memory so that the operator can program manipulator sequences, then perform
them. Also provided is erasable programmable read-only memory (EPROM), for

i
long-term storage of preprogrammed manipulator sequences. ;

Hand-Held Terminal

The Work System Package was designed to be attached to the Alvin sub-
mersible. To meet this requirement, the manipulator was controlled from a
small hand-held box. For the purpose of this study, a small hand-held
computer terminal (Termiflex HT-2) was selected to perform the operator-

machine jinterface. The primary limitation on such a device is the display

rather than the controls. The terminal displays two lines of ten alphanumeric

characters each. It also has a scroll capability with access to 100 lines.

The interface was designed so that the operator receives immediate feedback
from only the last two lines of data. Consequently the operator normally does




not have to use the scroll feature, although it is available for reviewing
previous operations.

Relays

Telephone-type relays are used to select two solenoids. Two solid-state
relays are then used to turn the solenoids on and off in a predictable time

period. (Note: tests on the linkage manipulator used reed relays because of

different electrical requirements.)

TEST DESCRIPTION

FUNCTIONAL TESTS

First, three elementary tests were made on the automated system. The
first of these was to acquire a tool and a bit and then to move to the work
#Yea, where control was returned to the operator. The second was to return

the tool and bit to the tool box. The third was to drill a hole automatic-
ally.

Next, these three separate sequences were linked together. Without any
intervention by the operator, the programmer was able to direct the manipula-

tor to obtain the drill and bit, drill a hole, and return the tools to the
tool box.

A fallback objective was also considered: to evaluate the mating (and/or
disconnect) of the tool and manipulator, which is the most critical operation.
In still another test, the microcomputer was programmed to position the manip-

ulator directly in front of the tool such that the operator could easily
acquire the tool.

21




In actual practice in the deep ocean, the automatic operation should stop
at these critical points and allow the operator to look at the manipulator
through the TV. When the manipulator has acquired a tool, the operator must
make a visual check to see that the tool is securely locked onto the manipula-
tor before the tool is brought out. Similarly the operator must make sure
that the tool is released after it is replaced so that the manipulator does
not drag it back out, causing it to fall to the ocean floor. Note that the
operator needs only one TV camera for these critical checks, since he is not

actually controlling the manipulator.

There was no attempt to run the automatic controller fast. 1In fact, it
was slowed down at every opportunity in the effort to obtain consistently
reliable results. Sequential operation was programmed, wherever feasible.
Intermediate stopping points were programmed in. After each move, the con-
troller waited for the arm to come to a complete rest. (This precaution was

not always necessary.)

Despite these limitations, however, the system performed faster under
programmed operation than under manual. Time reductions in operation are
important since they lower the energy storage requirements of battery-operated
submersibles or other platforms on which such a system would be used. Micro-
computer control allowed the manipulator to repeat motions with such accuracy
that tool and bit exchanges were successfully completed under exclusive

control of the programmer.

Note that the configuration of the WSP was optimized for manual opera-
tion; if a less exposed position were chosen for tool-box placement, as could
be done with automatic tool exchange, further improvement in operation could
be expected. Although the functional test established that complete tool
interchange could be programmed and accomplished without human intervention,
simple movement to a point in space was complicated by tool-box compliance (as
well as a manipulator malfunction). Programming the tool interchange process
wag far more difficult than anticipated. The problems experienced are each

discussed briefly as follows, along with their solutions.

22
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The WSP was designed to acquire tools with a final movement in which the
manipulator hand extends linearly in the proper direction. But in the linear
extend function, the manipulator arm was found to experience a significant
droop. The linear extend function requires simultaneous actuation of the
shoulder up and elbow down functions. The up function requires the greater
amount of power, to overcome gravity, but the power input is the same for each
function since all solenoid valves and hydraulic actuators of the manipulator
are identical. The solution to this problem was to program a series of inter-

mediate points at each of which the position of the hand would be corrected.

Attempts to extend directly toward the center of the tool were successful
only part of the time; the manipulator hand frequently would hit an adjacent
tool bin. The operator could avoid this problem by manually controlling the
nonautomated hand open/close and wrist rotate. (The computer does not have a
feedback sensor on those functions.) This obstacle was removed by programming
the manipulator to move to a point about 1 inch from the tool and 0.25 inch
off center, then to realign both the shoulder and wrist left-right functions
to the center of the tool.

Grasping the tool required that significant pressure be exerted on it.
This could not be programmed simultaneously with position control, since the
tool box would move substantially before the pressure became sufficient to
overcome binding between the tool and the tool box, and any movement accom-
panied by binding would cause significant change in the position of the tool
box. It was found that grasping the tool could be accomplished secquentially,
by careful alignment at the final intermediate position followed by a 5~-second

linear extend.

The tool acquisition phase ends with the tool box pushed several inches
from its normal position and the tool locked in the box by binding forces.
Tool removal from the box is difficult because of the binding tendencies of
the very compliant tool box. "Nonlinear" retraction also causes binding. It
was found that removal of the tool could be accomplished by realigning the

manipulator every 2 inches or so.




The movement for tool insertion into the tool box after use is entirely
different from the tool acquisition movement. It was solved primarily by

programming in a large number of intermediate "stopping for realignment”
points.

Removal of the hand after tool insertion into the tool box is difficult,
since the hand tends to pull the tool back out. Inadvertent pullout of the

tool was minimized by programming in several sequential small movements
alternating with realignments.

Tool seating, the final step in tool stowage, is achieved by a separate

sequence of closing the manipulator hand, then pushing the tool with the tip
of the hand for several seconds.

A problem that occurred throughout the tests is that moving one function
would cause the potentiometer of another function to change. Specifically,
moving the shoulder up or down caused three potentiometers to change (shoulder

up/down, elbow up/down, and wrist up/down). Also, the elbow up/down function

caused movement of the wrist up/down potentiometer. If the potentiometers had

0.001% linearity, these changes could have been compensated for. Since they
were only about @ 01% linear, however, it was necessary to move the shoulder
up/down to a known position before the elbow up/down could be aligned pre-
cisely. Alignment of the wrist up/down was more complex, since before it
could be aligned, both the ghoulder up/down and the elbow up/down had to be
moved to known locations. This problem could be cured by attaching the poten-
tiometers such that they would be moved independently.

ACCURACY TESTS

Several types of accuracy tests were performed next for the purpose of
determining the expected consistency of performance, helping identify problem
areas, and discovering the cause and magnitude of errors so that means could

be devigsed to correct them. The objectives of the tests were as follows:

24

-
Daishasieshs




1. Estimate the overall accuracy of the programmer. i

2. Estimate the mean and variance of the coasting distance* for the shoul-
der, elbow, and wrist function movements.

3. Estimate the error contribution due to each of those functions. v

At the conclusion of these tests, potentiometer noise was measured to deter- !

mine its effect upon accuracy.

The tests were performed in the following sequence. The programmer was
directed to move the manipulator through a series of tool exchanges and, :
between each exchange, to return it to a predesignated location about 6 feet
from the manipulator shoulder pivot point, aligned with a specific spot on a
target. After completion of the movement, the alignment error at the target
wag measured with a ruler and protractor. In addition, the predicted errors

were read out of the control unit and recorded.

Two sets of ten identical movements were performed. The standard devi- o
ation was determined, and further analysis was done to determine the cause of

error .

The manipulator movements were determined by the solenoid turn-off
points. These were determined with sufficient accuracy to verify that the
system passed the tests, but the programmer was not adjusted to yield optimal
results. The errors were averaged to determine the true point to which the
manipulator was programmed to move, and all further analyses used this point

as a reference.

*The distance traveled after the command is issued to turn off the solenoid

valve.
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TEST RESULTS

STANDARD DEVIATION

At the end of each movement (tool exchange), the error relative to the
desired point was measured. These data contain a systematic error in that the
programming was not optimal. The error was then calculated relative to the
mean of the final positions. {(Position was described by means of clock I

r notation.) li

The error relative to the reference point was less than 1/4 inch in all A ’ e
cases (table 3). The standard deviation of the error was 0.108 inch. This
indicates a 98% probability of meeting the requirements on each movement; ie,

alignments would have to be repeated less than 2% of the time. !

Error
Run Total Error Relative to Mean
Magnitude, Position, Magnitude, Position, r
fraction of inch o'clock fraction of inch o'clock 1
1 1/8 9 0.06 8 J
2 1/8 9 0.06 8 '
3 1/8 9 0.06 8 ‘4
4 1/8 9 0.06 8 ;
5 1/8 9 0.06 8 ’
6 1/32 9 0.07 4 |
7 1/8 9 0.06 8 ;
8 1/8 9 0.06 8 :
9 1/8 10 0.03 8 !
10 3/16 7 0.21 6 !
11 1/8 12 0.12 2 :
12 1/8 12 0.12 2 |
13 1/8 12 0.12 2 |
14 1/8 12 0.12 2 :
15 0 - 0.10 4 !
16 1/16 9 0.05 5 }
17 3/16 10 0.09 10 !
18 1/8 8 0.1 6 i
19 1/4 11 0.18 12 {‘
20 1/4 1 0.18 12

Mean of the final positions: = -0.085 inch, = +0.043 inch
Standard deviation = 0.108 inch

Standard deviation (left/right only) = 0.057 inch

Standard deviation (up/down only) = 0.092 inch

- _——w

Table 3. Programmer accuracy test results.
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CONTROL UNIT ERROR READINGS
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Control unit error readings were taken for each potentiometer at the end
of each test movement. Error was measured in parts per 16 000 relative to the LA
preprogrammed reference point. The control unit readings (table 4) were used 1
to estimate coasting distances and accuracies for each of the individual !

functions. The results were as follows.

Manipulator Accuracy, Ew
potentiometer readings.

4

Shoulder Elbow Wrist Shoulder Wrist !-
Test No Up/Down Up/Down Up/Down Right/Left | Right/Left 14
1 -4 -4 4 4 4

2 -1 -1 4 5 -5 '

3 -3 -1 4 2 -3 .

4 +1 -2 6 4 0 )

5 -3 -2 6 2 -2 i

6 0 -1 6 2 -1 b

7 -4 -1 5 1 -2 '

8 -1 0 5 0 -3 .

9 -1 -1 5 0 1 ,

10 -2 0 5 2 3 I

1 +1 -6 4 2 10 i
12 -3 0 7 1 4 "

13 -1 0 8 -5 5

14 -3 ] 8 0 10 11

15 -4 -3 -10* 0 8 g

16 -2 -2 -11* 0 7 i

17 -5 -1 8 1 4 X

18 -4 -2 -6 -1 5 !

19 -4 -1 8 0 8 |

20 -3 0 7 -3 5 {
Mean -2.55 -1.4 +3.6 40.85 +3.10 ¥
Standard ﬁ
deviation 1.6 1.5 5.6 2.3 4.6 i

*Solenoid actuated (see text)

Table 4. Control unit error reading. To convert control unit error into
absolute error: 1 part in 16 000 over 270° represents 1 minute of arc, or
0.017°.
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Shoulder Up/Down |

The shoulder up/down function had a dead-band width of 24 units (0.63 ¢
inch). The arm coasted 9.5 units (0.24 inch) with a standard deviation of 1.6
units (0.040 inch). ‘

Elbow Up/Down

The elbow up/down function had a dead-band width of 40 units (0.71 inch).

The arm coasted 18.6 units (0.33 inch) with a standard deviation of 1.5 units . ]
(0.027 inch).

Wrist Up/Down

1 The wrist up/down function had a dead-band width of 24 units (1.14
inches). The coasting distance could not be accurately estimated since there

were two wrist alignments during the final movement and only the first move-

ment was actuated during 17 of 20 tries. (Note: the first ten movements had

three wrist up/down movements; the last ten had four wrist up/down movements.)

The wrist up/down function was inconsistent during the final ten runs
because of a programming error. Dead-band was set at *5 units. The previous
position was very close, about -3.5 units, with the result that the solenoids i
were not activated about 50% of the time. When the previous position was -5 é
or lower, the solenoids would be activated and the wrist up/down moved to +2 |
units; ie, the wrist up/down went to one of two positions that were 0.25 inch 1

apart.
Shoulder Left/Right

The shoulder left/right function had a dead-band of 40 units (1.00 inch).

The arm coasted 17.5 units (0.438 inch) with a standard deviation of 2.3 units
(0.058 inch).

28

C e PR R PO



wrist Left/Right

The wrist left/right function had a dead-band of 40 units (0.40 inch).
The arm coasted 23.5 units (0.23 inch) with a standard deviation of 4.6 units
(0.046 inch). PFurther analysis indicated that there was a significant dif-
ference between the first ten movements and the second ten. The first ten
coasted an average of 19.2 units (0.19 inch) with a standard deviation of 2.8
units (0.028 inch), while the second ten coasted an average of 27 units (0.27

inch) with a standard deviation of 2.3 units (0.23 inch).

These coasting distance results are summarized in table 5.

Distance to Drill,
Function Dead-Band Width feet
Shoulder left/right +20 units at 0.026 = 0.52 inch 6
Shoulder up/down 412 units at 0.026 = +0.31 inch
Elbow up/down }20 units at 0.0177 = 0.35 inch 4,25
Wrist left/right +20 units at 0.010 = 0.20 inch 2.5
Wrist up/down 1+ 12 units at 0.0475 = 0.57 inch

Table 5. Coasting distance results.

The overall accuracy, calculated for the control unit readings, was
essentially the same as the measured accuracy (table 6), although the data
were uncorrelated. This indicated that there was a problem in the control

unit rather than in the manipulator.
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Measured Overall Standard Deviation
(measured with ruler and protractor,

*Should have been 0.015

Table 6. Manipulator accuracy.

inch and 1.9 minutes of arc.

20 trials) Inches Minutes of Arc
LEFT/RIGHT 0.057
Up/down 0.092
Vertical alignment 0.0
Horizontal alignment 0.0
Combined total 0.108
Calculated Overall Standard Deviation
(calculated fram potentiometer readings)
a. Up/down
Shoulder up/down 0.040 2.0
Elbow up/down 0.027 1.9
Wrist up/down 0.057* 7.0*
Combined up/down
standard deviation 0.075
b. Left/right
Shoulder left/right 0.058 2.9
Wrist left/right 0.046 5.8
Combined left/right
standard deviation 0.074
Calculated total (a + b)
standard deviation 0.104
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POTENTIOMETER NOISE

A static measurement of potentiometer noise showed that a 4 mvV, 60 Hz
signal was present. This effectively degraded the data acquisition to 1 part
in 4000 rather than 1 part in 16 000. The signal was found to be electro-
magnetic radiation from the WSP low-pressure hydraulic pump. This will not be
a problem in the water, but better electromagnetic shielding is required for
lab testing. (The wiring to the potentiometers consisted of shielded twisted
pairs, but the potentiometers and electronics were not shielded.)

RISK FACTORS

Automatic tool interchange is not without disadvantages. System auto-
mation often results in added complexity and lower reliability. The principal
source of concern in the automatic tool interchange study is the reliability
of manipulator joint position sensors, which must work under the extreme
ambient pressures of the deep ocean. The rest of the electronics, which are
easier to house and protect, are felt to have a negligible impact on system
reliability. For follow-on development, this problem would be minimized by
employing good design, quality assurance measures, and comprehensive testing.

CONCLUSIONS
1. The feasibility of automatic tool interchange with a WSP comprising a
compliant tool box and a compliant undersea manipulator was demonstrated in

the laboratory.

2. Equipped with fixed-rate position control, the WSP performed auto-
matic tool interchange repeatedly without malfunction.

RECOMMENDATIONS
1. Incorporate automation into the next work system that is built.

2. Ultimately, conduct in-water tests of the automated work system to
verify its feasibility.




use during operation (table A1) and during programming (table A2).

demonstration. Table A3 lists the commands which are available to an operator

and table A4 lists the commands which are used to program a sequential

o s T R

APPENDIX A: OPERATOR-MACHINE INTERFACE

This appendix lists some of the commands which an operator might wish to

It was not feasible to include all of these commands in this feasibility '1

operation. y
]

'

Functional Inputs !
I

!

1.
2.

3.
4.
5.
6.

Functional oOutputs

1.

3
Go to tool location xx and retrieve the _yy tool (bit). '!
Store tool (bit) xx (which manipulator already has) into tool location !

Xy -
Remember the present position of the manipulator and call it xx .
Go to the position which was previously tagged as xx .

]

]
Stow manipulator into a compact position for transport. P

i
Unstow manipulator from transport position into work position.

Selected button is acknowledge (multifunction buttons acknowledged by
multifunction display).

Error conditions displayed:

a. Manipulator does not respond (_x seconds of "on" time does not
produce _y degrees of travel).

b. Manipulator overshoots desired location by _x degrees.

c. Power-supply failures and other routine electronic malfunctions if.

not displayed elsewhere.
d. Hydraulic system failures not displayed elsewhere.

Table A1. Operation.




Functional Inputs

Program

1. The name of this sequence is x_(_x is a reference to console inputs).

2. Move the manipulator function x to the _y position.

3. Continue to next step in the sequeunce.

4. Activate manipulator function _x for _y seconds.

S. End of sequence; turn off all manipulator functions. (TRANSFER)

6. wait until all presently activated functions are complete, then go to

next step in sequence.

Functional Outputs

Display inputs as required for next section.

1. Display program sequence _y .

2. Display present position.

3. Display diagnostic information during execution of a sequence.

Table A2. Programming

34
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Display Options

1.
2.
3.
4.
5.

Display individual potentiometer reading.

Update potentiometer reading at ten samples per second.
Display all potentiometer readings.

Update all potentiometer readings.

Display a programmed sequence of commands.

Manipulator Operating Commands

3.
4.

Execute a preprogrammed sequence of operations. Name of operation will

be displayed before and during operation.
Execute an operator-programmed sequence of operations. This doves not

have a name.
Display diagnostic information during operation.

The operation may be stopped any time.

Programming Commands

2‘
3.

Any command listed in table A1 may be entered anywhere in the sequence.
Commands can be transferred from one location to another.

Entire command sequence (preprogrammed or programmed) can be inserted
into the new sequence.

The present manipulator position may be automatically entered.

Table A3. Commands used by the operator.
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Single Function Position Commands

Move shoulder up/down to XXXX  OXXO.
Move shoulder left/right to XXXX  OXXO.
Move elbow up/down to XXXX  OXXO.

Move wrist up/down to XXXX  OXXO.

Move wrist left/right to XXXX  OXXO.
Operate hand open for 3.5 seconds.

Operate hand close for 3.5 seconds.

Multiple Function Position Commands

10.

Extend/retract to XXXX  OXXO.

(Operates either shoulder up and elbow down or shoulder down and elbow up
by means of the shoulder up/down potentiometer.)

Extend for 3.5 seconds.

(Operates shoulder up and elbow down.)

Stop.

Table A4. Programming commands. Any number of these commands

can be executed sequentially.

PR —




APPENDIX B: COMPUTER PROGRAM
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A3M80

:F1:DACQR.ASY XREF

13T8-11 BOBO/BOBY MACRO

Lac

0000
0001
Q002
0003
2004
0007?

000C
000D

0010
0013
0015
0018
Q01 R
001n

001R
0010
0010
0020
0023
0024
0027
02
0027
Q02A
o02p

aBJ

CS
ES
+F
CD3700
CDYEQO
cn3200

79
Cpo000

210300
OE08
Choooo
El

c1

c?

U]
ES
Cn?200
CDREQCO
ER
2A0000
23
22
23
23
ER

oo

m

LINE

OB LTS N -

39
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PAGEWIDTH(?72) PRINT(:LP?)

ASSEMBLER, V4,0 DACQ PABGE 1

SOURCE STATEMENT
NANME DACQ

}PROGRAMMER: C. MORRIN
FVERSION 2.1
}DATE OF LAST CHANGE: OCTOBER 23, 1977

5 30363696 36 36 36 96 36 36 36 36 38 36 36 3k 36 36 36 38 26 23636 6 36 36 20 36 3 36 36 3 3 36 36 26 96 36 06 36 96 3 38 6 96
CSEBR

PUBLIC DISPOT,SETMUX,GETDAT,SAVE
PUBLIC GETPOT,ADONLY

EXTRN OUTPUT »FNARSC »RAIT 1 HEXASC
EXTRN QP INFO,MUXAD,PRADD

77636 0 9606 36 36 W 30 30 36 6 06 36 06 06 36 06 0 36 06 36 36 96 36 36 D6 36 36 06 36 06 36 06 06 3 0 9636 0 36 30 06 3 36 0 2

iDISPLAY POTENTIOMETER ROUTINE (DISPQT).
SFUNCTION TO BE DISPLAYED IS IN REG A.

JDISPOT GETS THE CURRENT VALUE OF THE POT.

$AND OUTPUTS ¢ FF-XXXX? TO THE HAND CONTROLLER.

DISPOT: PUSH B
PUSH H
MoV Cra
CALL SMUX
CALL GETDAT
CAaLL SAVE
PSTORES DATA IN OPINFO+7 TO +10
Mav ArC
FFNASC REQUIRES FUNCTION IN ACC
caLL FNASC
JASCIT FUNCTION IS NOW IN OPINFO+4,45
JQPINFO+3 IS ’ ’,0PINFO+6 IS /-’

JBET READY FOR SMUX

LXI HrOPINFO+3

MVI Cs8

CALL  OUTPUT 3’ FF-XXXX’
POP H

POP B

RET

TR0 2600630 00600 30 3030 00 036 36 3036 38 36 36 20 36 36 08 36 36 36 06 36 3 D0 06 36 6 6 06 36 36 36 96 36 06 06 3 36 3¢

GETPOT: PUSH ]
PUSH H
caLL SETMUX
CALL GETDAT

XCHG
LHL.D PRADD
INX H
MOV M.D
INX H
MOV M:E
XCHG
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I915-11 80BQ/D0BD MACRO ASSEMBLER, V4,0 DACO PAGE 2

LOC ORJ LINE SOQURCE STATEMENT

A02L CDAEXOO C 59 CaLlL SAVE
36 JODATA RILL BE FUT INTQ OFINFO+7 TO +10

QO2F B 5? POP H

Q0030 (1 S8 PapP D

0033 L9 59 RET :
60 -
O ) 5 T2 262 2k 26k 2 36 3 Db 26 6 2 36 36 J6 I6 2 26 36 26 3 226 26N 226226 2 N JE 2N 22NN NN NN
62 !

63 ISAVE DATA ROUTINE (SAVE) @
44 iDATA NILL BE PLACED IN OPINFO+7 TO +10
65 JR/D DATA MUST BE IN REG HL

VRN

LY.}
0032 ¥39 67 SAVE: PUSH PSH
0033 CS 68 PUSH B
C034 DS 69 PUSH D
0035 77 70 SUB A
M35 110700 E 713 LX1 D, OPINFO+7 ’
Q03? OEO4 72 MVI CraH
Q038 0604 73 TSFT4: MVI Bra
74 FTRIPLE SHIFT ACC AND HL FOUR PLACES
203D 29 75 DAD H
003 t7 76 RAL
Q03F Q6 ?7 DCR B
2040 C23D0OO c 78 JNZ TSFT4+2
0043 CDOOOO E 79 CAaLL HEAASC
0046 12 80 STAX D JiSTORE DATA IN OPINFO¢7-10
Q047 13 81 INX D
0048 0D a2 OCR c
Q04? C23800 c a3 JINZ TEFT4
0C4AC D1 84 rar D
Q040 C1 8% POP B
Q04E F1 86 PaF PSHW
004F C9 87 RET
83

89 FADONLY READS A/D AND SAVES DATA IN OFINFO+7-10
2050 COD?EDO C ?0 ANONLY: CALL GETDAT

Q053 Cn3200 [» 1 CALL SAVE

0056 C9 P2 RET
23
QA TR IETE I 066 T U060 060060606 T6 96 36 9636 6 36 06 06 96 36 76 30 38 06 06 6 6 6 94 76 ¢
25

76 iSMUX ROUTINE
97 IREOQUIRES FUNCTION IN REG C

?8 7FORMAT: XXXXX000 = SU

99 XXXXX00) = &l
100 7 XXXXX010 = EU

101 XXXXX011 = EE
102 XXXXX100 = WU !
103 XXXXX101 = WL

104 7 XXXXX110 = WR 1
105 3
106 iMUX FURMAT (8255 REG Cr ADDRESS = MUXAU+)

107 Q0OXXXXX = SU = FUNCTION 41

108 ;¢ 001XXXXX = EU = FUNCTION #2

109 i 0LOXXXXX = &L = FUNCTION &3
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ISIS-II 3080/8085 MACRO

Lo

0057
QoLui
005%
05A
00SE
Q05D
00SE
2069
0083
0064
00668
Q067
Q0sR
20&C
006F
hDYS|

0072
Q075
0077
0078
0078
Q07D
007E
008)

0083
0084
0087
008

008D
VO8E
JQ08F
00?0
0071

0092
Q093
2094
00?97
0P8
007w
Q209C
00?0

ned

FE

(B

DE

€5

307

A)

0600
£AB300 c
3D
06490
CAB300
0620
3D
£A8200 c
0800
an
CA3300
0660
Jn
CAB300 c
0680

4D

CAB300 c
04620

78

320200 B
01C300
£Dpoeoo E

1

[y]

8

0t
C1
F1
ce

ES
CS
240000 £
1
£n579¢0 c
C1
9]
c?

st TS ah A a

LINE

110
114
112
113
114
115
116
117
118
119
120
1.2
122
123
124
145
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
143
142
143
144
145
146
147
148
149
150
153
152
153
154
155
156
157
158
159
160
161
162
163
164

o oae

ASSEMBLER, V4.0

SOQURCE S&T

011 XXXXX
1XX00XXX
1XX01 XXX
1XX10XXX
XXXXXXXN

“e we we Be e

SMUX: PUSH
PUSH
PUSH
PUSH
MVI
ANa
MVI
JZ
DCR
MVI
JZ
MVI
UCR
JZ
MVI
DCR
JZ
MV
DCR
JZ
MVI
DCR
JZ
MVI
DONE @ MOV
STA
LXI
CaLL
JWAIT 10MS FOR O
pPoP
PP
POP
PapP
RET

FAR26 3030 26 36 26 96 36 36 36 36 26 36 26 2 3636 36 36 36 36 36 30 2 3 26 262 26 36 36 36 26 26 36 9 2 36 36 3 96 3 96 06 2

PSETMUX SEVS THE
FFUNCTION POINTE
SETMUX: PUSH

PUSH

LHLD

MoV

CAaLL

POP

POoP

RET

F VT 26 0600 00 006 06 06 26 0 0636 06 6 36 06 00 36 36 30 06 06 36 36 36 006 00 6 36 06 36 30 36 96 ¢ 38 3 36 30 36 3 36 36 ¢

40

paca FAGE 3

ATEMENTY

WU
KL

FUNCTION #4
FUNCTION 25
?? FUNCTION #6
?? FUNCTION %7
A/D START (N =NEG EDGE)

PSH

B

o

H

A7

(v

B,O

DONE. 35U
A

B,40H

DAONE 13:108
B,20H

A

DONE EV
B,0

]

DONE JEE
B:&OH

A

DOME PHWU
B/B0H

(]

UONE IRNL
B,90H

AB

MUXAD+2
B,200

WaIT

P AMP TD SETTLE
H

D

B

PN

MULTIPLEXOR TO THE
D T2 BY PRADD

B
PRADD
C/M
SMUXK
B

H

LW e B e "

S . MELINe ) la WME




161511

[ [RY): N

Q0%E
QO9F

Q0RO
QOAY
20NS
d0n7
00NN
QAN
Q20BO
Q0h3
00k
QOBYS

FS

£s
3E01
220300
3E00
$20320
010100
Cnoooo
210000
9]

Fl

%

PUBLIC
ADOMLY C
3AVE <

0050
9032

EXTERMAL
FMASC &
JUTPUT &

0000
0000

USER SYMBOLS
GDOMLY £ 00450
GETDAT C Q0%E
OFINFD E 0000
SETMUX C 2092

ASSEMBLY COMPLETE,

SYMBOLS

SYMBOLS

mm

2080/B085 MACRD

LINE

165
166
167
148
149
170
171
172
173
174
175
176
177
178
179
130
181

DIGPOT
SETMUX

HEXASC
PRADD

DISPOT
GETFOT
QuUTPUT
SMUX

NO

ASSEMRLER »

V4,0

SOURCE STATEMENT

DACH

JGETOAT STARTS THE A/0 CONVERTER:

FTHEN READS 1T WHEM DONE

GETDAT: PUSH FSH
PUSH B
MVI Arl
5TA MUXaD+3
MVI ArQ
STA MUXAD+3
LXI Bs1
CALL WAIT
LHLD MUXAD
par B
FQaP FSW
RET
END
C 0000 GETDAT C 009E
C 0092
E 0000 MUXAD € 0000
E 0000 WAIT E 0000
C 4000 DONE. C 0083
C O001R HEXASC E 0000
£ 0000 PRADD E Q000
C 0057 TSFT4 C O03B
ttRRORS

PaGr 4

PSTART A/D

JA/D DATA

GETPOT

QFINFO

FMASC
MUXAD
SAVE
WAIT

IS IN HL

C 001B

£ 0000

0000
2000
0032
0000

momm




ISIS-II ASSEMBLER SYMROL CROSS REFERENCE, V2.1 PAGE 1

ADONLY 12 F0&
UACQR 1
DISPOT 11 Q3%
UONE 123 126 129 132 135 138 140%
FNASC 13 32
GETDRAT 11 27 47 ?Q 14684
GETPOT 12 44%
HEXASC 13 79
MUKAD 14 141 173 173 176
QP INFO 14 39 71
QUTFUT 13 37
: PRADD 14 49 157
| SAVE 11 28 §9 67% 91
SETMUX i1 46 155+%
SMUX 26 1148 159
TSFT4 73% 78 83
WAIT 13 143 173

CROSS REFERENCE COMPLETE
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ASHBO FLIDELAY.ASY XREF PAGEWIDTH(?72) PRINTC:iLF:)

181511 2080/808% MACRD ASSEMBLER, V4.0 DELAY PaGe )

gt JeJ LINE S0URCE STATEMENT \
NAME DELAY

B i saidin

1
2
3 IPROGRAMMER: C.MORRIN
4 JVERSION 1.0

S IDATE OF L.AST CHANGE: (OCTOBER 31, 1977

7 JVARIABLE DELAY ROUTINE
8 /REGISTER BC CONTAINS DELAY
9 JDELAY = 50 MICROSECONDS X (BC)

11 S IMPLEMENTATION: RTC#) LOADED WITH DELAY.
12 JNHEN FINISHED RTC#2 SENDS SIGNAL

13 :T0 B825% INTERRUPT CHIP WHICH CALLS 4
14 FINTIAL ROUTINE WHICH JUMPS TO "WAIT1".
15 PTHAIT2" IS THE HWAITING PLACE

156 FDURING THE CUOUNTDOWN.

18 CSEG
19
20 PURLIC WAIT,WAIT1
23, EXTRN  RTCAD, INTAD,WFLAG :
22
2000 ES 2% WAIT:  PUSH H i
0001 DS 24 PUSH D |
0002 FS 25 PUSH PEW i
0003 210300 € 26 LXI H,RTCAD+3 ;BC CONTAINS DELAY .
2006 3670 27 MV M,70H JSET RTC1 TO MODE O
0008 2B 28 DeX H
2007 B 20 DCX H
0000 71 30 MOV M, C ;LOAD RTC#1 = REG BC
200R 70 34 MOV M, B
200C F3 32 DI
000D 210100 E 33 LX1 H, INTAD+1 ‘
0010 SE 34 Mav EIM JGET CURRENT MASK
2011 BLBF 35 MV M,OBFH ;MASK ALL BUT RTCH
0013 2B 36 pex H
0014 3685 37 MVI M,BSH ;OCWZ: RTC#1 TOP PRIORITY
0018 3JEO1 38 MVI Al
0018 320000 € 39 STA WFLAG
0018 FB 40 WAIT2: EI
201C 380000 E 41, LDA WFLAG
001F EGFF 42 ANI OFFH iSET ACC FLAGS
2021 C2IB00 C 43 JINZ WAITZ  }MWAIT FOR RTC#1 INTERRUP .
T )
2024 F3 44 i) !
0025 7B 45 MOV AE iGET SAVED MASK
002¢ F640 46 ORI 40H 3MASK OUT RTCH
2028 210100 E 47 LXI H» INTAD+1 i
0028 77 48 MOV T FOCHL: SET MASK ;
002C 2B 49 oeX H :
002D 3666 50 MVI Ms66H  FOCHZ: END OF RTC) INT
J02F 3684 51 MVI M,84H  ;OCW2: UART TOF PRIORITY ;
0031 F1 52 POP PEM '
0032 D1 53 POP ]
43
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ISIS-1I1 B8080/B0BY MACROD

i.0C  ORJ

2033 1
3034 FB
Q035 €9

0036 FS

Q037 ZEQO

0039 320000 E
QO3ZL K

0030 C?

PUBLIC SYMBOLS

LINE

G4
5SS
Hé
4
58
S
&0
61
62
83
64
65

WAIT C 0000 WAITL

EXTERNAL SYMBOLS

INTAD E 0000 RTCAD

USER SYMBALS

INTAD E 0000 RTCAD
WAIT2Z C Q001R NFLAG

ASSEMBLY COMPLETE,

NO

ASSEMBLER, V4.0 DELAY PAGE 2

SOURCE STATEMENT

rop H
EI
RET

f S e N A L 2 X T T T W S A PR SRR e

WAITi: PUSH PSH

MV A0

STA WFLAG

poOP PSM

RET JIRETURN TO WAIT2
END

C 0036

E 2000 WFLAG E 0000

£ 0000 HAIT C 0000 HAITL C 0036

E 0000
ERRORS

44
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ISIS-II ASSEMBLER SYMPOL CROSS REFERENCE, V2.1 FAGE L
DELAY L ‘
INTAD 21 33 47 |
RTCAD 21 26
NAIT 20 23 .
NAITL 20 598 \
NAIT2 408 43 !
NFLAG 21 3% a1 61 =
CROSS REFERENCE COMPLETE :
|
{
|
j
!
i
f
!
|
|.‘
1
!
I
]
i

45
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BASMBQ

ELEPROMHL ASY XREF PAGEWIDTH(Z2) PRINT(:LP2)

ISTIS-I1I 3080/8085 MACRY ASSEMBLER: V4.0 EPROMW FPAGE 1
1.0 0EBY L.INE SOURCE STATEMENY
1 NAME EPROMNW
o
3 iPROGRAMMER: C. MORRIN
4 JVERSION: 2.0W
S JONATE OF LAST CHANGE: NQVEMBER 7, 1977
6
7 IR0 2T 290 2630 06 2T 0 06 06 0008 36 06 06 30 0 2636 06 30 36 0 3696 36 36 08 06 36 36 06 36 36 3¢ ¢
8
? DSEG
10
11 PUBLIC HO,H1,H2,H3/H4
12 PUBLIC HYS,HE,H7 ) HB»HY
13
5.4 B AT 200000 36 2606 0 2k 38 3 20 3 36 36 06 30 20 36 3 36 08 36 6 30 3 3036 3 3 1 3 20 36 06 26 20 38 36 36 08 2636 2%
15 JFUNCTION DEFINITIONS:
14
2000 17 su QU (V]
Q0Q! 18 &L EQU b)
0002 19 EU EQU 2
Q003 20 EE EQU z
0004 21 WU £Qu 4
Q008 A3 HL EQU 9
Vo003 23 HO EQU 8
Q000 24 HC EQU Q@
000K 25 EX EQU QEH
26
00FF 27 STOP EQu OFFH
28
DG 7002630 730 0603 20 36 6 36 26 26 36 36 36 2 36 30 06 06 36 26 06 3 6 26 363 36 30 36 3 36 36 26 9636 0 36 30 06 36
30 IPROG*#AD=%0
31 JMOVE ARM TO NEUTRAL POSITION
3000 00 32 HO: 1)} SU»&AH» 44H» S
2001 $4A
Q0 44
0003 05
Q004 01 33 DB SL,462H,BBH» S
0003 &2
006 88
Q007 05
2008 02 34 DB EU»2BH,»OE4H S
000? 2B
OO0 EA
Q00B 09
Q00C 94 35 nB HU»7EH,0DOH,» Y
Q00 7E
Q00E. DO
000F 05
Q010 05 36 1)) WL.» 7BH,OCLCH» S
01l 7B
o1y CC
0013 05
Q014 FF 37 [1) ] STop
Ri:)
KRR RIS ST IR LR A LS TR TR FP PG PPy ey g

46




L.Qc

0015
Q0le
0017
0018
0019
201a
Q01B
ss3 1M
Q01D
001 L
Q0LF
Qe

0024
0022
Qo2
0024
0025
0024
027
0028
DL
002n
felo3a) ]
002C

Q20
QO2E
Q02F
Q%0
0031
DIV §]
Q033
2034
9035
303¢
0037
203D

0039
003n
Q03B
Q03¢
003D
Q03E
Q03F
QQ4Q
0041
0042
Q043
Q044

00AS

Do

0§
e
34
03
03
o0
Qa0
00
01
2B
Cco
QY

00
68
B4

od
22
744
03
04
81
50
03

03
70
00
X1
00
/8
R4
03
02
38
BO
95

33
7C
AC
03
00
7E
AC
03
02
43
pé
0%

ISIS-I1 3060/8083 MACRO

LINE

40
41
42

43

44

45
46

47

48

49
50

S1

527
56

NSSEMBLER,

EPROMW

SOURCE STATEMEMY

FPROGH*ADI=%1
GO0 TO TOOL #1:

H1: 1]

UB

1))

B

DR

U]

1}

0B

0B

0B

uB

pe

17}

47

R 7CH,34H,3

HO,0,0,0

SLs3BH,0CO0H,S

SU»68H,BAH,3

EU»22H,74H,5

WU,BIH,S50H, 3

EE+70H,0,3

3U,78H,0R4H, 3

EU 38H,0BOH,S

EE,7CH,0ACH 3

SU»7EH,QACH» 3

EUr43H,0B4aH,S

EE,B1M,0,3

FAGE




i
151S-11 £2080/B0O8S MACRO ASSEMBLER, V4.0 EPROMW  PAGE 3 ¥
|
LOC OBJ LINE SOURCE STATEMENT v
0045 81 !
2047 00 ,
0048 03 -
0049 00 59 DB SU,B3H»90H, 3 b
004A 83 I;
J04F 99 _
00AC 03 .
004D 02 40 DB EU,»4CHsOBCH:S |
004E AC '
J04F BC |
0050 05 i 4
61 |
0051 03 &2 DB EE,B5H/OACH, 3 !
2052 8Y P
0053 AC ;
2044 03 ¥
0055 00 63 DB SU,86H,0ACH /3 !
20%6 B6 {
0057 AC |
2058 03 :
2059 02 64 DB EU,S1H/88H,S i
Q058 $1 i
00Se 88 t]
Q05 05 !
65 !
005D 01 6 DB SL»BBH»O0,7 I g
00SE 8B
205F 00 E
0050 07 \
0061 05 67 DB WL, 7AH,0:3 [
0082 7 i
063 00
00s4 03 i
63 »
0085 03 69 1] EE,B87H/0,3
d06é B7 ]
0057 00
2068 03 4
0067 07 70 DB HC10,0:0 ]
2060 00
006B 00
d06C 00
00501 OE 71 DB £X,0,0,0
J0&E 00
006F 00
2070 00 . ¢
0071 FF 72 DB sTap
73
74 F444 44445+ 4 4444544404442 444 bbbt b bbb bbbt bbb bt bt
75 PROG®AD=#2
76 iBACK AWAY FROM TOOL #1 (NITH OR WITWOUT TOOL)
77 H2s )] EE,B3H»90H,3

48




L)
a

IS- 11 e080/B0BY MACRO ASSEMBLER,

LQc

Q0Vé
Q0727
Q078
VO7%?

2074
DIV
vO7C
20D
007E
O0VF
0080
0081

2082
Q083
0084
0085
QQRG

0087
0088
0087
L08a
00BE
208C
Q08N
00BE

Q08F
0070
2091

0072
0093
Q0?4
095
0094
0097
0078
2009
Q07N

Q078
Q090
Q07D
DI
Q0PF
Q0AD
00A1l
QOAL
00Nl
Q0a4

aBJ

o2
4C
BC
oS

Q0

01
&R
00
37
05
75

75
03
04
2C

LINE

8

79
80

a1

382
23

B4
B85
Bé
87
88
87

?0

?1

[aded
v e

93

94

95
?6

?7

8

Vse,0 EPROMK PAGE 4

SOURCE STATEMENT

DR

DB

DB

DB

DB

EU,4CH,OBCH, G

EE,7EH,OCCH,3

EU,43H,0B4H S

EE,70H»0:5

STOP

e N T T 2 X R R N TR L L2 2 % T A oy S

FFROGHATI=%3

}60 TO BIT
H3: OB

DB

DB

DB

DB

1))

DB

DB

49

¥} (WITH TOOL #1)
SL,éaNn, 07

WL, 73H,08H,3

SUsO3H,40H» 3

EU»3AH,0ACH,S

WU»79H,QECH» 3

SL,6FH,?20H, S

WL/75H,08H,3

WU, 7CH/,0E4H, 3




I81€-11 80BO/BO8Y MACRN ASSEMBLER, V4.0 EPROMM PAGE

(4.}

-

LacC 0OBJ LINE SOURCE STATEMENT

0CAS E4 i
QOhe O3 !
0CNA? FF 9?9 DB STOP
100 i
101 7444444344404+ 4444444344444+ 4444444344344 4464+ 4+ L
102 IPROG#AD=%4 L
103 iMOVE TOOL+BIT TO METAL PLATE AND ALIGN
00A8 0% 104 H4: DB SLI6OH» HAH S
20A® $0 |
208A U4
00nE 05 !
COAL 0% 108 DB WL.»7CH,BCH,» S §
o0np 7C !
Q0AE BC ]
00nAF 05
106 .
VOBO 04 107 DB WU»PCH,»ACH, 4 ;
Q0B ?C :
Q0B2 AC :
QOB 04
V0B4 00 108 DB SU,BO0H,ONCH, 3 .
00BS BO i
Q0BS AC {
Q0B7 03
00BR8 02 109 DB EU,3CH,68H,S
20ne 3C :
Q0BA 48 }g
MOBB 0% b

Q0BC 00 111 DB SU»64H OECH» 3 ’
J0BD 64 l
QOBE EC |
00BF 03
0L 02 112 DB EU»37H,0B4H, S |

20C1 37

20CZ B4

00C3 05 !

Q0C4 04 113 DB WU »70H» OFCH»3 -

00CS 70 ¥

J0Co FC

00C7 03

114

00C8 03 11% DB EE168H, 70H, 3

2009 68

00CA 70

Q0CE 03

00CC 00 116 DB SUs6BH,70H, 3

0CCD &R

00CE 70

O0CF 03

0000 02 117 ) EU,42H,8CH, 5

001 42
' 2002 8C
g d0D3 08

118




(87811 2080/808% MALCRO ASSEMBLER, V4.0 EPROMR PAGE é
\ LOC 4JBJ LINE SOURCE STATEMENT ‘
( QD 7 ne DB sSyop j
120
121 2444439443335 3353444444454 4 4425245454324 444 4 44 44
122 IPROG*AD=%S
: 123 JRETUKRKN BIT #1 Y0 TOOL RACK: _
i 000S 05 124 HS: DB NL»78H, 008K, 3 L
§ Qé Vo '
¥ oDy g
; Qoh8 03 L
: 2009 01 125 DB SL16AH/OCOH /5 |
Qo &A f
voDg CO
Q0NC 08
126
QODND 0O 122 DR SU»P9H,OEOH, 3
00DE 99
Q00N 0 1
V0EY 03
Q0EY 02 12 DR EUsa2H048H,5 E
00E2 42
DAY -
Q0E+ Q03
QCES 04 120 DB WU»78H,0» 2
00Eo 78
QLT W0
Q0EB 03
130 Y
O0E? 01 131 DB SL/6FH,0COH, S
QOEA &F
Q0E®R CO
QQEL 0%
QOETr V4 132 OR WU, 70H,0BCH, 3
2OUE 7D
QOEF BC
DIV K]
133
OOF 1 Q8 134 ja ) WL »75H,0ALH» S
Q0F2 75
QOF3 AC
00Fa 03
Q0D 04 135 Db WU, 7EH,50H, 3
Q0Fs 7E
QOF7? )
QOF8 03
136
00F? 03 137 )] WLs74H,)14H 3
: ’ Q0K T4
; QOFE 14
: QOFC 03
00F DI 04 1338 DB WU, 7FH,6CH, 3
QOFE 7F
Q0FF &C
MDD DX
139
Q10L % 149 DE WL.»74H),» 14,3

51




ISIS~-II 3080/8085 MACRO ASSEMBLER, V4.0 EPROMNW PAGE 7

L.oc

a2
0103
0104
Q10U
DRV
0107
ol08

0109
3100
O10R
Q10C
otlon

010K
O10F
Q419
0111
o112
DA R
DIBR
0115

Otllo
DR NG
o118
M7
011
DARE
011C
DABBI
011E
O1LF
0120

Q1¢

o122
0123
0124
0125
012
V127
o018
0129
91 3A
0128
M2
912D

O12E
QI AF
0130

0B

74
14
03
o4
7
oC
03
03
8D
BO
03
FF

ec
AC
03

8o

74

21

LINE

141

142
143

144
145
146
147
148
149

15
152

153

154

155
156

SOURCE STATEMENY

DB WU»7FH,4CH» 3

DB EE/8DH,O0BOH,3

DR sTOP

YT PP PSS S U SO U U U S USSR
FPROGHAD=%¢

JSTORE TOOL %1 AFTER STORING BIT #1

Hé6 ! DB SLoS5FH,6CH, 3

DB WL » 7AH,QECH, 3

pB WU/ ?CH,4CH, 3

DB SU,BOH,ONCH, 3

DB EU/,3CH,46H,S

DR GUr»68H,B4H, 3

DR EU,22H,74H,5

DR WU,»BI1H,»S50H,3

DB SL,8BH,)7CH,7

)




21311 08070085 MACRND ASSEMBLER, Y4.0 EPROMW FAGE 8
i.gc  QpJd CINE GOURCE STATEMENT
I3t 97 \
161
D32 03 te2 DE EE/6EH,0:3
2133 LF
J134 00
Q1AL 03
0136 7?0 163 DB SU, 7BH,ORAH, 3
IAD IS
Ji3@ R4 )
DRI S K 4 '
Q13a Q2 184 DB EU,38H,0BOH,S
Q13N 48
213C HO
DB ICFLIEY 1
189
OLIE D2 146 DR EEs7CH,0ACH &
O13F 7C
D) AL
Q141 03
2142 Q0 147 1)) SUs7EH,OCCH, 3
o143 7E
Q144 CC
2145 03
Ql40 O 168 DB EU»a3H,OP4aH 5
OLA47 43
2148 ha 1
0147 05 o
149
o140 03 L70 ] EE,B81H,0:3
Q148 81
214C 00
DB I TR X
014E 00 171 DE SU,B3H,70H, 3
Q148 B3
0130 ?0
D151 22
0152 02 172 L1} ] EU,4CH,OBCH, S
Q1U3 40
0154 ®C
Q155 99
73
O1%6 Ok 174 DR EXs0,000
0157 00
ML 00 ,
1S9 00 I
14N 0B 175 DR H(, 0,00
0158 00
5L 00 :
o130 00 !
Q1HE FF 176 np S70P
77
178
(79 7444434544444+ 344+444 4444444+ 4+4 4443444444404+ 444 L
180 JSTOKE TOOLE&1 FROM NEUTRAL
015F 05 181 H7: 1] WLy 7CH, 34H, 5

53
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IS1S-11 8080/808T MALRO ASSEMBRLER, V4,0 EPROMR PAGE 4

LQC  OBJ LINE SOURCE STATEMENT

otso 7C '
Mol 34
0162 05
182
01583 00 183 DB SU,68H,B4H,3
Qa4 6B
01485 34
0laé 9% '
0167 02 184 DB EU,23H,74H, S ‘
o168 22
D169 Va4
016n 05
QloB 04 185 DB HU»B1H,50H» 3
Q1sC 81
2160 LO
015 03 B
186
0t6F 01 187 DB SL/8BH,7CH,?7
217D BB
ot7t 7C
Q17D 07

188
2173 03 189 : DB EEs6EH,0,3
0174 &E
2175 00
Q176 03
0177 20 190 DB §U,78H,0B4H» 3
o178 78
017 B4
L7803
Q17B O 191 DB EUs3BH,OBOH,S
JL7C 38
317D BO
017E 05
192
0177 03 173 DB EE,7CH,OACH,3
180 *C
0131 AC
2182 03
133 00 194 DB SU,7EH/OCCH,3
284 7E
0185 CC
218 I3
0187 02 195 DB EUs43H,0B4AH,S '
D188 43
V189 BA
Q1A 05 '
196 !
J18B 03 197 DR EEsBIH»0,3
913C 81
N1ep 00
HBE 03
EF 198 DR SU,B3H,P0H, 3 )
0170 83 ;
o19) 90

54
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TS15-11 Q0RO/BARG MACRY ASSEMBLER, V4.0 EFROMUK FAGE 10 ;,

Lac  oBJ L INE J0URCE STATEMENT .

1?2 03
DB RN SR 199 I8 EUr4CH» DBCH S ‘
Q1?4 4C |
2105 BC :
Q1R6 03
220
w197 QOE 201 DR E£EX,0,0,0
Q18R A0
ot?? 00
219N QO
1P 0@ 202 ()] H0,0:0,0
DYRC Q0
J1LPD 00
2198 20
DUIPF FF 203 B STOP '
204 :
205 JPUSH TQOL #t1 IN AFTER STORING
2lad 03 206 HB: DE EE»B3H,20H,3
QLN
Qa2 2D
D1A3 03
o3 R
QING A
2100
OLA7
21488
DEYV4
Qe CC
VIiAR 03 4
Q1o o 209 DB Elly43H, OB4H S
21LA0 43
QIAE B4
QInF 05

[X]
i

207 DR EU»4CH,OBCH» S

<&
1]

e RS e
M:wthoCor

208 B EE»7EH,OCCH,»3

210
O1BD 03 211 i EE,78H: 74H, 3
24H) A
OLR2 74
U3 03
D184 09 212 DB HC/0,0/,0
21hS 00
91ES 00
2187 09
2188 02 213 E EU»3CH/ 18H, 5
PR
21BA 18
21un 05 %
01EC 04 214 UB WU+ 7?H ) OCOH, 3 :
21eD 79 '
01BE CO ,
1uF 03 !

215 5
0100 03 2316 DE EE+7CH» OF BH» 3
ICL 7C
2L ¥B
0IC3 03

55




Lo

IE‘R\.I‘ [I

i.gce

210
01CS
Q1Ce
Q107
DR
viCc?
Q1N

91CH

[P T
QICD
V1CE
MCF

0100
oot

Qe
oLn3
Qg
0105

P LI
HO
H4
HB

EXTERMAL SZYMBOLS

S0BQA/BIRY MACKD ASSEMHELER, V4.0

aBJd

00
70
Fe
03
el
41
14
05

03
20
00
03
FF

FF
iF
FF
FE
FF

SYMBOLS
v 0000
iy 00AB
U 01AQ

USER SYMBOLS
EE

H1
HS
H?
3TOF

ASIEMBLY

N Q003
U 0013
[LA) (3]
oot
A QOFF

H1
HY
H?

e
H2
Hé
HC
55U

COMPLETE ,

LINE

207

M8

H?:

D
I

OO

0015
QONG
0101

0002
0072
010K
0009
0000

NO ERRORS

SOURCE ST- “HENT

DR

DR

DR

U]
D¥

ju ]
EN

56

)

H2
Hé

EFROMK PaGe
SUL7DHOFBH Y
EUr»41H,» 14H,5
EE,70H:0,3
3TaP
OFFH, OFFH,OFFH,OFFH
avoe
o o072 H3 D 0037
D Q10K H7 B QMSF
A 000E HO I 0000
o 00687 H4 it o0ne
D QIGF HB D 0140
A 0008 SL A 0001
A 0009 WU A 0004

11




tFROMK
EY

e
HO
Hi
H2
H3
Ha
]
Hé
47

K3

WL

Wi

NESEMBLER

20%
tyn
208

1

174

23
L72

£?0
22

L37
3T

135

SIMBOL.

] 54
143 162
211 216
34 47
1097 112
134 171
71 174
I2%

420%

77%

89%

104%

124%

L47%

181%
2064

223%

70 212
43 17%
33 44
12 187
37 72
224

32 48
116 47
1?4 198
KT 42
140 {50
15 48
138 141

CROSE REFERENCE COMPLETE

CRO5S REFERENCE »

58
1o
220

52
117
175
201

p,op,
an \an

48
B4

31
153
217
&7
181
P4
1352

57

62
1729

36
1268

199

v,

o?
1e9

$90
184

207

54
1%

269

30
187

78
1d4

213

31
168

218

108

134

132

A
FaGe ! r




A3MBO F1IEXECN.ASY XREF FAGENIDTH(72)

TSTE-T1 BOBO/BOBY MaCRD

i.oc  aeJ

F?00
7400
FD00
FS00
FC0o

FB800

F000
F201
F003
FO004
F006
Foo8
FO16
FO17
Fo19
FOIB
FOLD
FOLE
FOo20
Fox

0000 2050524F
0004 47324140

e v < e

r
L]
z
m

VOO WE)re

34

52

ASSEMBLER, V4.0 EXECH PAGE 1

SUURCE STATEMENT
NAME EXECH

}PROGRAMMER: C. MORRIN
IVERSION 2.0W
}DATE OF LAST CHANGE: OCTOBER 31, 1977

026600 30 08 36 38 3690 36 36 36 96 06 26 36 36 36 38 30 36 360638 36 08 36 30 36 36 96 98 06 3 3 636 3 38 26 36 34 36 96 36

PUBLIC RTCAD,MUXAD:RELAY1,RELAY2
PUBLIC EXEC,INTAD,START1,USRT
PUBLIC DIRFLG,ARELAY ,OVRFLG,STATE
PUBLIC PRADD,OPINFQ,WFLAG,PQTFLG
PUBLIC FINAL,CUTOFF,DISPFG,TAD
PUBLIC COUNT,STOPFG

EXTRN WAIT HAIT]

EXTRN INPUT QUTPUT, INPT1

DSEG

FUDEIEI0 0600 2006300 30306 26 00 0 00 30 06 00 066 06 00 36 26 3030 30 006 36 366 0636 10 36 0090 06 0630 36 08 26 20
FSYSTEM QUTPUT PORT DEFINJTION:
sOUTPUT PDRTS ARE MEMURY MAPPED:

RTCAD EQU OF?00H 78253 ReEAL TIME CLOCK
MUXAD &Gy OF400H MULTIPLEXER: A/D CONTROL
RELAY1L EQU QFDNOOH JRELAY CONTROL

RELAYY EQU OF300H JRELAY CONTROL

INTAD EQU OFCOOH 7G259 INTERRUPT CONTROLLE
R

USRT EQU OFBO0H 78251 USART ADDRESS

73006 J000 06 06 163600 06 36 3036 06 06 6 0606 0600 6 3006 0630 0 36 06 36066 6 06 06 000 0 069638 6.6 96 04
FSYSTEM MEMORY DEFINITION:

DIRFLG EOQVU OFQO0H FSEE QPERAT
ARELAY EQU DIRFLG+1 }SEE RELAY
OVRFLG EQU ARELAY+2 JSEE OPERAT
STATE EQU OVRFLG+1 SEE INPUT
PRADD EQU STATE+2 JSEE PROGRM
OPINFO EQU PRADD+2 SEE PROGRM
WFLAG EQuU UPINFO+147SEE DELAY
POTFLG EQU WFLAG+1 SEE DACQ
FINAL EQuU FOTFLG+2 /SEE OPERAT
CUTOFF EQU FINAL+2 JSEE OPERAT
DISPFG EQU CUTOFF+2 /SEE OPERAT
TAD EQu DISPFG+1 SEE PROGRM
COUNT EQU TAD+2 FSEE OPERNW
STOPFG EQU COUNT+1 }SEE OUTPUT

iSTOPFG IS 1 BYTE

FORTEOE 0000000000000 0000 000 000000 00 00 00 606 06 30 36 0606 0 06 36 36 0008 D 0 0000 06 30 6 96 06 36 6 ¢ ¢
JOUTPUT MESSAGES:

O0TABLE: DR ' PROGRAM=P OPERATE=0’
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I1SI5-11 B0B0/8085 MACRD AGSEMBLER, V4.0 EXECH PAGE 2

Lac qBJ LINE SOURCE STATEMENT

0008 3DS0204F

0000 50455241

0010 S44S3DAF

0014 20524424 53 OTABL1: DB ! RD#POTS=R DISPLAY=D’

0018 S04FS5453

0010 3DS522044 .
0020 4953504C

0024 41593044

0014 354 LTABLE EQU 20 '
0014 55 LTABLYL ERU 20
Sé :
55730303000 636 06 30 36 30 30 20 30 36 30 30 30 30 36 36 36 36 30 06 20 36 30 36 26 36 30 36 3036 2036 30 26 36 36 20 36 2 36 36 3 3%
a8
59 CSEG
40

61 IEXEC ROUTINE:
62 EXEC PROVIDES A WAITING PLACE WHEN NEEDED
63 EXEC: DI

64 LXI Hr INTAD+1
65 MOV arM
66 ANI ODFH
67 MOV Mo
68 EI
69 NOP
70 NOP
71 NOP
c 72 N EXEC .
73

yZRREI TSI TR ALETIL AT ATILAL LIS RS ISR TL S LY
75

76 FINITIALIZATION ROUTINE

77

78 iTHIS ROUTINE INITIALIZES ALL HARUWARE

79 3 AND SOFTWARE INCLUDING:

?
g0 ;7 8080 STACK PQINTER
81 8251 USRTY
82 8253 REAL TIME CLOCK
83 ; 8255 DATA ACQUISTION INTERFACE
84 1} 8255 RELAY INTERFACE
8% 8259 INTERRUPT CONTROLLER
86 7 STATE
87 ; PRADD
88 ¢ OPINFO (HYPHENS AND SPACES ONLY)
89 OQURFLG (OPERAT ROUTINE) X
?0 HAND CONTROLLER DISPLAY '
? :
92 FINITIAL ROUTINE INITIALIZES AFTER A

93 ; POWER ON RESET OR A SOFTWARE RESET.
?4 78253 USES COUNTER O TQ DIVIDE THE 2MHZ CLOCK TO f

95 5 19 KHZ TO DRIVE COUNTERS § AN 2 PLUS THE USRT ;
96 3 COUNTER 1 IS THE RTC. COUNTER 2 1S NOT USED. i
97 i

98 18255 DATA ACQUISTION INTERFACE INPUTS A/D DATA i
99 3 ON PORTS A AND B. IT CONTROLS THE A/D START |
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151911 8080/8085 MACROD

ASSEMBLER, V4.0 EXECH PAGE. 3

LaoC OBJ LINE SOURCE STATEMENT
100 } AMD THE MULTIPLEXORS ON PORT C.
101 7
102 jALL EXCEPT RXRDY ARE MASKED
103 i
104 FVECTOR ROUTINE VECTORS INTERRUPTS FROM 8259 10
105 /PROPER SUBROUTINES
106
107 JEXEC PROVIDES A WAITING PLACE WHEN REQUIRED
108
109 ASEG
110
0000 111 ORG OH
0000 F3 112 START: DI
113
114 }STACK POINTER INITIALIZATION:
0001 31FFFOQ 115 LXI SP,OFOFFH
116
117 78233 (REAL TIME CLOCK) INITIALIZATION
0004 2103F9 118 LXI H,RTCAD+3
0007 3616 119 MVI M,16H RTC#0 = MUDE 3,LSB ONLY
0009 3670 120 MVI M,70H IRTC#1 = MODE O
Q00B 3J6AA 121 MVI M,0AAH iRTC#2 = MOQDE S,MSB ONLY
000D 2100F9 122 LX1 H»RTCAD
0010 366A 123 MVI M,106 RTC#0 = 19.32 KHZ
124 INOTE: RTC#1 SET BY DELAY ROUTINE (WAIT)
125 i RTC#2 NQT USED
126
127 i825S5 (1/0 PORT) INITIALIZATION
0012 2303F4 128 LXI H)MUXAD+3
129 JPORTS A&B = INPUT (A/D)
0015 34922 130 MVI Ms92H
131 /PORT C = OUTPUT (MUX.,A/D)
132
0017 C30F00 C 133 JMP START2
134
LTS 5 06200030 0630 06 3606 36 2698 163606 36 96 36 1030 36 36 6 1630 6 36 08 V6 3606 36 96 36 06 36 38 36 06 26 36 9636 36 36 %
136
137 }THE FOLLOWING TABLE IS CALLED BY
138 JTHE 8259 INTERRUPT CONTROLLER
139
140 ASED
141
0020 142 URG 20H
0020 C9 143 RET
144
0024 145 ORG 24H
0024 C9 146 RET
147
0028 148 ORG 20H
0028 C? 149 RET
150
Q02C 151 ORG 2CH
002 C¢ 152 RET
153
0030 154 ORG 30H
60
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ISIS-II 8080/6085 MACRO

Loc  0aeJd
0030 C¢?
0034

0034 F3
0035 C30000
0038

0038 F3
003? C30000

003C
003C C9

000F 3EBO
0011 3203FD
0014 3EOO
0016 3202FD

0019 2100FC
00IC 3636

001E 23
001F 3600

0021 36DF

0023 2B
0024 3484

0026 2101F8
0029 3641

002B 3601
002D 3640
002F 367A

0031 3617

[}

LINE

15S
156
157
158
159
160
161
162
163
164
1465
166
167
168
169
170
171
172
173
174
175
176
127
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
208
206
207
208
209

ASSEMBLER, V4.0 EXECH PAGE 4

SOURCE STATEMENY

RET FTXRDY INTERRUPT
ORG J4H

D1

JHP INPUT JRXRDY INTERRUPT
ORG 38H

DI

JMP RAIT1 iIRTC1 INTERRUPT
ORG 3CH

RET }RTC2 INTERRUPT

B HT0IEI0I0 30 03 1016000600 66 06 0030 1836 36 389636 9630 6 06 36 063630 06 36 36 36 36 96 3638 36 0 36 30 3436 %
JINITIALIZATION ROUTINE (CONTINUEDD
CSEBG

HE S et 2 e R T T A
8255 RELAY PORT INITIALIZATION:

START2: MVI 4,B0H
STA RELAY1+3 JALL PORTS = QUTPUT
MVI 4,0
STA RELAY1+2 ;TURN OFF RELAYS

R R e R I T RN 2 TR TR PR
18259 (INTERRUPT CONTROLLER) INITTIALIZATION

LXI H,INTAD

MVI M,36H 3ICWL: INTERVAL=4,
i START AT XX20H

INX H

MvI M0
FICH2: START AT OOXXH

MVI M,0DFH
J0CHY: MASK ALL BUT RXRDY (USRT)

nex H

MVI M,B4H

?OCH2: INPUT HAS HIGHEST PRIORITY

HE A e 2 Y T T T TR L A
38251 (USRT) INITIALIZATION

LXI HsUSRT+1
MVl M,41H 3IF 18T, SET MODE=ASYNC
iIF 2ND, RESET
MVI M,01H }IF 2ND, HARMLESS
#IF 1ST, SET MODE=ASYNC
MVI M, 40H }2ND: RESET 8231
MVI M, 7AH iMODE = 1 STOP BIT,
JEVEN PARITY, PARITY ENABLE, 7 BIT CHARACTER,
} 16X CLK
MV1 Ms17H FCOMMAND = NO HUNT.,»

i NO RESET, NO RTS, ERROR RESET.
i NO BREAK CHAR, RECIEVE ENABLE.,
7ENABLE DATA TERMINAL READY (DTR = LOW).
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ISTS-11 8080/8085 MACRO

Lac

0033
0035
0038
Q03R
Q03D
0040

0043
0045

0048
004R
Q04D
0050
0053
0056
DL
00SE

00SE
2061

0064
0087

0069
006L
006E
0071
0073

0076
0078

0078

Q07E
o081

aBJ

JE20
J208F0
320BF0
JE2D
320EFO
3213F0

3EQO
J203F0

211400
OE14

CDooQo
01204E
CDOO0O
210000
Okl 4

CD0000

210000
2204F0

2107F0
J6F1

3A1DFO
FEOO
CA0000
FEOF
CAQ000

3E00Q
321DF0

£30000

01F 401
CD0000

m

m om

LINE

210
211
212
213
214
215
216
217
218
219
220
221

222

223
224
225
226
227
228
229
230
231
232
233
234
238
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
234
2359
256
257
258
259
260
261
262
263
264

ASSEMBLER,» V4.0 EXECH PAGE S

SOURCE STATEMENT

} TRANSMIT ENABLE

RS2 TI T IR L S22 LR L T R L T e

FINITIA

T2 S
}INITIA

P et ees

LIZE OPINFO TABLE
MV1 !

Ar’
STA OPINFO
STA OPINFO+3
MVI Ar?=’
5TA OPINFO+6
STA OPINFO+11

Y I R T R TR N VR T F PPN PP PR PP
1.I1ZE OVRFL.G

MVI A0

STA QVRFLG

(Il i S e LTI I S LI R P TR e e S L e

FINITIALIZE HAND CONTROLLER DISPLAY

J et e
JINITIA

FErEe e

LXI H,0TABL1

MVI C/LTABL1

CALL QUTPUT 3’ RD#POTS=R DISPLAY=D’
LXI B,20000

CALL WAIT JRAIT 1 SECOND

LXI H,OTABLE

MVI C,LTABLE

CALL QUTPUT i’ PROGRAM=P OPERATE=0’

Y T R R R R e R 2
L.IZE STATE

LXI H:,INPT1

SHLD STATE

(ALl ad At Sl I IS I I St I I SR L L S 2L 24

FINITIALIZE PRADD

LXI HsPRADD+1;INITIALIZE PRADD
MVI M,O0FLH PROGRAM MEMORY = F1XXH

YRR R A S Y YT YRR T T RS
+INITIALIZE DISPFG

JIDISFLG

Lea DISPFG

crPl 0

Jz EXEC iDISPFG RESET
(D OFH

JZ EXEC fDISPFG SET
NEEDS INITIALIZATION:

MVI A0

STA DISPFG

JNO DIAGNOSTICS DURING OPERATION

X212 21

JMP EXEC

SO0 0003000 3000 3600 30 06 30 90 0030 30 30 36 30 06 36 20 38 36 30 38 0 08 38 4 08 06 3% 06 08 90 38 96 3¢ 3¢

?SOF THARE RESET!

PNAlT 2

STARTI: LXI B,500

CALL WAIT
SMS FOR THE 8251 TO FINISH TRANSMITTING
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ISIS-II 8080/3085 MACRO ASSEMBLER, V4.0 EXECH FAGE 3 e
LOC  OBJ LINE SOURCE STATEMENT ¥
0084 C30000 265 JMP START -
266 i

267 END ;

PUBLIC SYMBOLS :
F000 [

ARELAY A FOO1 COUNT A FO020 CUTOFF A FO1B DIRFLG A

DISPFG A FOLD EXEC C 0000 FINAL A FO19 INTAD A FCOO '
MUXAD A F400 OPINFO A FOOB QURFLG A FOO03 POTFLG A FO1?7

PRADD A FO006 RELAYL A FDOO RELAY2 A F3500 RTCAD A FP00 y
START1 C 007E STATE A FOO04 STOPFG A FO21 TAD A FOLE e
USRT A FBOO WFLAG A FO146 :

EXTERNAL SYMBOLS b
INPTL E 0000 INPUT E 0000 OUTPUT E 0000 WAIT E 0000 :

NAITL E 0000

USER SYMBOLS !
ARELAY A F0O0) COUNT A FO020 CUTOFF A FO1B DIRFLG A FO00 i
DISPFG A FOL1D EXEC € 0000 FINAL A FO19 INPTL E 0000
INPUT E 0000 INTAD A FCOO LTABL1 A 0014 LTABLE A 0014
MUXAD A F400 OPINFO A FOOB OTABL1 D 0014 OTABLE D 0000
OUTPUT E 0000 OVRFLG A F0O03 POTFLG A FO17 PRADD A FO006 }
RELAY1 A FDOO RELAY2 A F500 RTCAD A F?00 START A 0000

c C O000F STATE A A

A A F800 HAIT £ E

A

START 007E START2 FOO4 STOPFG FO21
TAD FO1E USRT
WFLAG Fo1é

0000 WALITL 0000 ;

ASSEMBLY COMPLETE, NQ ERRORS
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IS1S-11 ASSEMBLER SYMBOL CROSS REFERENCE, V2.1 PAGE. 1

ARELAY 11 348 35

i COUNT 14 158 4é \

| CUTOFF 13 42¢ 43

| DIRFLE 11 3 34

T DISPFG 13 438 44 249 256
EXEC 10 63% 72 251 253 258 !
EXECN 1

; FINAL 13 418 42

| INPT1 16 239 i
' INPUT 16 159

‘ INTAD 10 204 64 183 )
i LTABLY 552 229 ‘
y LTABLE Jaé 234

i MUXAD 9 a5% 128

\ JPINFOQ 12 I8¢ 39 218, 218 218 219

' aTaABLL $3& 228 1
OTABLE 52% 233 '
QUTPUT 16 230 235

OVRFLG 11 35 36 224 ]
FOTFLG 12 40% 41 '
PRADD 12 374 8 244

REL.AYY e 268 177 179

RELAY2 ? 27%

RTCAD 9 24% 118 122

START 1128 265 '
STARTS 10 262% :
! START2 133 176 % i

STATE 11 368 37 240 P
STOPFG 14 468 o
TAD 13 448 45

USRT 10 29¢ 197

RATT 15 232 243

NAITL 15 183

WFLAG 12 398 40

CROSS REFERENCE COMPLETE
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ASMB0 F1:INPUT.ASY XREF PAGEWIDTH(?2)

1S15-11 B2BO/BOBS MACRN ASSEMBLER, V4.0 INPUT PAGE 1

LOC 0BJ LINE SOURCE STATEMENT '1
NAME  INPUT '}

;PROGRAMMER:  C.MORRIN ]

JVERSION 2.0
SDATE OF LAST CHANGE: NOVEMBER 22, 1977

IR XIS SRR SRR 22 LLLYIILELILLIIEL 2 2L S 2R E S g )

CSED !

— -
O PR YOS WP

PUBLIC INPUT.INPTL ERROR,EXIT 1
12 FPUBLIC ASCHEX,ASCHX1

13 EXTRN PROGR,»OPER,DISP RDPOT ATTRIB

14 EXTRN INTAD/USRT,STATE HAIT

15 EXTRN HEXASC,XMIT,»STARTY

146 i
17

B 9000060606 06 06 06 3630 3683698 30 -0 30 38 3636 96 30 06 30 3636 3630 00 3636 36 30 06 30 30 366 36 20 36 3636 % Y ’j
18
19 FUSART RECEIVER INTERFACE ROUTINE:

21 SGINPUT IS CALLED By THE 8259 INTERRUPT CONTROLLE
R
22 JWHEN THE B2531 RXRDY STATUS LINE INDICATES THAT
23 iA CHARACTER HAS BEEN RECEIVED. .4
4 !

25 JUSRT RECEIVER READY, JUMP TO ENTRY POINT .
26 >INDICATED BY ADDRESS POINTER "STATE™: ¢

0000 3A0100 E 27 INPUT: LDA USRT+1 J/GET STATUS
Q003 E638 28 ANI 38H JMASK FOR ERROR FIELD
f 0005 C21400 c 9 JINZ ERR
0008 2A0000 E 30 LHLD STATE
000B 3A0000 £ 31 LDA USRT FGET DATA
Q00K FE1A 32 CP1 1AH 3 "CONTROL. 2"
0010 CA0000 E 33 JZ START1 ‘
0013 E® 34 PCHL. 4
} k1 !
KSR TS TS TR A R R I P R S I A R L R L 2
: Q014 3n0100 E 37 ERR: LDA USRT+1 FGET STATUS AGAIN
0017 E60L k1] ANI 1 PMASK ALL BUT TXRDY
0019 C21400 Cc 39 JINZ ERR

40 FJWAIT UNTIL DATQ BUS BUFFER IS EMPTY
41 7(IT WILL BE FULL IF TRANSMITTER IS GOING)

001C 3E37 42 MV1 A»I7H
001E 320100 E 43 STA USRT+1 /RESET 8251 ERROR FLAGS
0021 3A0000 3 44 L.DA USRT +CLLEAR RECEIVER
0024 017001 45 LXI B,400
Q027 CDO0OO & 46 CaL.L WAIT
002a 3A0000 E 47 LDA USRT CLEAR RECEZIVER AGAIN
Q0D £34%00 c 48 JMP ERROR
49

SO R TR TR L P R A R L L R L R R R Y
S1 JPROGRAM, OPERATE, DISPLAY, OR READ FOTS?

0030 FEBO 52 INPT1: CPI1 HOH FCOMPARE WITH ’P!
0032 CA0000 E S3 JZ PRAOGR
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IS1S-11 8080/838Y MACRO

Loc

Q03H
0037
203
vQ3C
Q03F
0041
Q04 4
00446

QQ4?
004B
Q04E

0051
0054

: 0055
} 0057
2050
005B

005C
Q0SF

0060
0063
0084
00635
0066
Q067

0068

OBJ

FEAF
Cn0000
FE44
CA0000
FESZ
CA0000
FE41
Ca0000

3E07
CDovoo
C35400

220000
F3

3E6D
320000
) :]

c?

CD6800
ce

CD6800
0?
07
0?7
0?
ce

ty ]
(%1

m m m m

LINE

54
53
56
S7
58
S9
60
61
6d
63
64
65
1)
&7
68
&9
70
71
22
73
74
75
76
7?7
78
79
80
81
B8
83
B4
as
Bé6
87
88
89
20
91
92
?3
94
?S
6
?7
%8
9?9
100
101
102
103
104
10S
106
107
108

ASSEMBLER, V4.0 INPUT PAGE 2

SOURCE STATEMENT

cPI 4FH 5COMPARE WITH 70’

Jz OPER

CPI RY

Jz DISP  iJUMF TG DISPLAY ROUTINE
CPI 'R?

Jz RDPQT

cP1 ra’

Jz ATTRIB

R R T T R R R A R A AR R S

JINCORRECT INPUT, IGNORE INPUT & AND RING BELL:
ERROR: MVI Ay 7H IRING BELL

CaLL XMIT

JNP EXIT+3

R Y T T T Y T T R S S N e Y Y s
JALL ROUTINES WHICH ARE INDIRECTLY CALLED
;BY INPUT RETURN TO EXIT TO END THE INTERRUPT:
EXIT: SHLD STATE iSET NEW STATE

DI
#8259 MUST RECEIVE END OF INTERRUPT BEFOKE
FJALLOWING INPUT ROUTINE TO BE CALLED AGAIN:

MVI A»65H }OCH2: END OF INPUT INT
STA INTAD

&l

RET

76000 003036 036 36 30 26 1 16 160620 0 6 3630 066 06003600 06 00 100636 1% 36 06 08-06 16 06 06 36 6 6 30 9698 ¢
FASCII TO HEXADECIMAL CONVERSION ROUTINES.
FALL ROUTINES START AND END WITH DATA IN ACC

JASCHEX = ASCII 7O HEX (HEX: LOKWER HALF ACC)
{ASCHX1 = ASCII TO HEX (HEX:® UPPER HALF ACC)
INOTE: ASCII TO HEX CUNVERSIONS ALSO TRANSMIT
H CHARACTER TO USRT (XMIT)
ASCHEX: CAL.L DATA

RET
ASCHX1: CALL DATA

RLC

RLC

RLC

RLC

RET

R e O L L L S L 2 T YT W e
JDATA ROUTINE HANDLES ROUTINE INPUT OF
FHEXADECIMAL DATA IN ASCII FORMAT.

fDATA CONVERTS TO HEX AND THEN

JECHOS BY CONVERTING THE HEX CODE

JBACK INTQ ASCII,

DATA: PUSH B

66
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ISIS-II 3080/8085 MACRO

Loc

0069

Q06H

008E

0070

! 0073
; 2075
: 0078
QO7A

007D

O07F

i 0082
! 0084
0087
0089
Q0GR
008C
J08F
2092
Q093
00?4

0095
Q0%

0097

0098

PURLIC
ASCHEX
INPTL

ATTRIB
QPER
STATE

onJ

FE30
DARS00
FE3A
DABS 0O
FE41
NA?500
FE47
DaB?00
FES61
DBAZ500
FE&7
D29500
Cs09
E6HOF
47
CDOOOO
CDO000
78

C1

ce

o O O 0 O O

mm

C1
F1
F1

C34700 c

STYMBOLS
€ 00SC
C 0030

EXTERNAL SYMBOLS

£ 0000
E 0000
£ 0000

USER SYMBOLS

ASCHEX
pIse
HEXASC
LETTER
RDPOT
USRT

E
;

4 ASSEMBL.Y

€ 005C
E 0000
E 0000
C 0087
E 0000
£ 0000

COMPLETE

LINE

109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
135
126
137
128
129
130
131
132
133
134
133
136
137
138
139
140
141

ASCHX1
INPUT

DISP
PROGR
USRT

ASCHX1
ERR
INPTL
NUMBER
RETURM
HAIT

’ NO

ASSEMBLER, V4.0 INPUT PAGE 3

SOURDE STATEMENT

CPI 30H

Jc RETURN

CPI 3AH ir9r o+ 1

Jc NUMBER

CPI 41H ira’

Je RETURN

cP1 47H P o+ 1

JC LETTER

CPI 61H ;SMALL ’A’

Jc RETURN

CPI 67H PSMALL ’F’ + 1

JNC RETURN
LETTER: ADI 9
NUMBER: ANI OFH

MOV B/A

CALL HEX 3C

cALL XMI

MOV AsB

POP B

RET
;4"0--0-4-#4-++++#++++++++++++++++++#++++++#+4‘++++#+++
RETURN: PQOP B

POP PGH iPOP RETURN ADDRESS
JTHIS RETURN ADDRESS SHOULD BE ASCHEX+3
JOR ASCHX1+3

POP PSH ;POP RETURN ADDIRESS
;THIS RETURN ADDRESS SHOULD BE = INPTXX+3

JMP ERROR

FHOPEFULLY INPTXX DID NOT PUSH ANYTHING

END

€ 0060 ERROR C 0049 EXIT € 00351
C 0000

E 0000 HEXASC E 0000 INTAD E 0000

E 0000 RDFPOT E 0000 STARTL £ 0000
E 0000 HWAIT E 0000 XMIT E 0000
C 0060 ATTRIB E 0000 DATA C 0068
C 0014 ERROR C 0049 EXIT C 0051
C 0030 INPUT C 0000 INTAD E 0000
C 008¢9 OPER £ 0000 PROGR E 0000
C 0095 STARTL E 0000 STATE E 0000
E 0000 XMIT £ 0000

ERRORS
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ISIS-II ASSEMBLER SYMBOL CROSS REFERENCE, V2.1 PAGE 1

ASCHEX 12 92%

ASCHX1 12 5%

ATTRIB 13 61 \
DATA 92 ?5 1084

DISF 13 57

ERR 29 374 39 ‘
ERROR 11 48 458 137

EXIT 11 &7 72%

HEXASC 15 124

INPT1 11 528

INPUT 1 11 27%

INTAD 14 77 |

LETTER 1146 121%
NUMBER 112 122%

OPER 13 95

PROGR 13 53 :
RDPOY 13 uve

RETURN 110 114 118 120 1314 i
STARTL 19 33

STATE 14 30 72

USRT 14 27 31 37 43 44 47

RAIT 14 46

AMIT 19 46 125

CROSS REFERENCE COMPLETE
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ASMBO (P} IOPERKW.ASY XREF PAGEWIDTH(ZD)

ISIS~II 3080/8085 MACRO ASSEMELER, V4.0 OPERW  PAGE 1
LOC  OBJY LINE SOURCE STATEMENT
1 NAME  OPERN
, b
; 3 iPROGRAMMER: C. MORRIN
: 4 JVERSION 2.0W
‘ S iDATE OF LAST CHANGE: NOVEMBER 3, 1977
6
T 7 W60 0 060606 6 36 36 96 3 636 36 W W06 U6 U6 DE I 0 D 06 96 06 36 96 16 06 16 16 06 06 0 5 6 3% % 6 ¥ %
, B
i 9 CSEG
‘ 10
11 PUBLIC OPER,ATTRIB,PROMT
1.2 EXTRN  ERROR,EXIT,XMIT,INTAD
13 EXTRN  OPINFO,MUXAD,ASCHEX sASCHX1
14 EXTRN  OUTPUT,PRADD,DISPFG HAIT
[ 15 EXTRN  GETDAT,FINAL,CUTOFF,START1
! 16 EXTRN  SETMUX,RSTART »RSTOP ;DIRFLG
17 EXTRN  OVRFLG/,DPRQGM, DRSULT , COUNT
18 EXTRN  HO,H1L H2,H3, H4e
19 EXTRN  HS,H6,H7 /HB, HY
20
AU EITIITTZ I TSI IIITITLIIITFTEEEL TSI ETY Y Y
a9
23 DSEG
24
25 JOUTPUT MESSAGE TARLE:
0000 204F5045 26 OTABL: DB ' OPER®AD=’
0004 S522A4144
0008 3D
0009 20474F20 27 QTAB2: DB ' GO0 = G’
200D 3N2047
0010 20324E44 28 0TAB3: DB ’ 2ND MISS: ABORT PROG’
0014 20404953
0018 33342041
2016 424F 5254
0020 2050524F
0024 47
0025 20464952 79 QTAB4: DB ! FIRST MISS’

2039 53542040
0020 495353

0030 204F5045 30 OTABS: DB ' OPER%DISP? YES OR NO’
0034 32244449

2038 53503F20

003C 59453320

0040 4F52204E

0044 AF
004% 205B5945 31 OTAB4: DB * LYES] !
D049 335D20
004 ZOUBAEAF 32 0TAB7?: DB ' [NOJ
0050 3020
13
0007 34 LTABL EQU ?
0037 35 L.TABR EQU 7
0013 36 LTAB3 eQu 21
000B 37 LTAB4 EQU 11
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ISIS~-II 3080/8085 MACRO

Loc

Q013
0007
0008

Q052
0054
0086
0058
Q0LA
QOSC
005K
00460
0042
Q064

0066
00648
QQan
0064C
00GE
0070
0072
0074
007¢
2078

0074
007E
oo
0086
0089
008D
0091
00935
0098
009¢C
00a0
00”4
Q047
J0AB
Q0AF
00BJ
00B&
00BA
00BE
00C2
00CS
00C?

o

7800
8700
2800
A700
RB400
€300
DA0O
=300
F200
0101

S3G544F 57
20204D41
48495055
A4C5452

474F 2054
4F202020
Sa4F4FAC
202331

4N4F 5645
20202046
$24FAD20
424¥ 56

474F 2054
4F202020
20424904
202331

A74F 2054
4F20574F
5242041
524541

53544F52
45202020

Faal
12

mmmmmmMmmme

CogoooooD oo

LINE

38
39
40
41
42
43
44
45

46

40

61

ASSEMBLER, V4.0 OPERW FAGE 2

SOURCE STATEMENT
LTABS EQU 21
L.TABS EQU 4
LTAB? EQU 8

VI 2006600 26 030 30 30 T 00 6 2036 006 06 U606 00 06 96 06 06 06 06 0 00 00 30 30 00 00 00 30 30 30 08 00 00 00 3% 00 96 3

iPROM ADDRESS TABLE:
PROMT: DKW HO»HL  H2 H3 1 H4

DN HS 1 HE s H7 B, HS

FIE 6063606 30 30 38 030 06 06 36 36 6 36 06 08 16 36 3 36 24 96 V606 96 6 36 D6 36 F IE 36 A 96 30 96 36 36 26 98 26 36 30 0 04

FADDRESS TABLE FOR TOOL NAMES

QUTADD: DH TOOLOO,TOOLOL ,TOOLO2,TOOL. O3
W TOOLO4, TAOLOS » TAOLJOS6» TOGLO?
DH T00LO8,TOOLO?

TOOL NAMES

TOOLOO: DB 'STOW  MANIPULTR’
TOOLO1: DB 6o TO TOOL #1/
T0O0LO2: DB 'MOVE FROM BOX’
TOOLO3: DB '60 10 BIT 21/
TOOLO4: DB 760 TO WORK ARFA’
TOOLOS: DB 'STORE BIT #1’
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Lac

00CD
oony
00D4
o0Dn8
00DC
0Qt0
0QEJ
Q0T
00ER
OOLF
00F2
00F &
00FA
OOFE
0101
010%
0109
010D

0000
0003
000%
0008

QBJ

20424754
202331

42495423
3120544F
20544F AF
4C2331

F3544F32
45202020
S44FAFAC
203331

50555348
20202020
$44F 4F AC
202331

54525920
20202020
20204147
41494E

210000
QE0?

D00OO
210€E00

1SIS-11 8080/8085 MACRO

T— R~ = = S
ASSEMBLER, V4,0 OPERW PAGE 3
LINE SOURCE STATEMENT
62 TOOLOS: DB ’BIT#1 TO TOOL#LY
&3 TOQLO?7: DB 'STORE TOOQL #1’
64 TOGQLOB: DB 'PUSH TOOL &1’ |
&9 TO0LQ9: DB 'TRY AGAIN’
.Y
ST WM 5 3TN 2620 30 2020 26 2 20 20 26 30 Db I8 36 30 30 26 36 36 36 30 36 2 36 3 2 30 2 0 24 26 6 3 % M X

48
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
B4
85
86
B?
88
B9
?0
21
P2
?3
?4
95
?6
97
98
99
100
101
102

LINKAGE MANIPULATOR INTERFACE ROUTINE

}THIS ROUTINE OPERATES GOLENOID VALVES OMLY
FTHERE IS NO PROVISION FOR MULTIPLE VALVE
}OPERATION

F (RILL NOT OPERATE WSP LINEAR EXTEND)

THIS ROUTINE DOES THE FOLLOWING:

#1. DETERMINE WHETHER ARM 1S WITHIN DEADBAND.,

7 ABQVE DEADBAND: OR BELOW DEADBAND.

2. IF WITHIN DEADBAND, CHANGE PROGRAM COUNTER.
7 AND GO TO STEP 1.

IF OQUTSIDE DEADBAND, STORE SHUTOFF POSITION
IN REG BC, TURN ON APPROPRIATE SOLENQID AND
COMPARE A/D DATA TO REG BC.

WHEN SHUTOFF FOSITION IS REACHED,

TURM OFF AlL SOLENOIDS.

. NAIT FOR AN APPROPRIATE PERIQD.

THEN CHECK AGAIN.

IF OTAB3OCT QCCURS, TRY ONCE MORE.

IF A SECOND OTAB30OT OCCURS, OPERATOR IS
NOTIFIED AND OPERATIOGN ABORTED.

IF WITHIN DEADBAND, DISPLAY RESULTS.

CHECK FOR END OF PROGRAM, AND EITHER
INCREMENT PROGRAM OR STOP,

-e we
¢ (%]

oy o >

W B s TE e WE e W we wE .

CSEG

S A L S o T T L T T T T O W S A AT ey

JQPERATE MODE, REQUEST ADDRESS INFORMATION:
(PER: LXI H,0TABL ;’0OPERATE ADDRESS='’
MVI C,LTAR1
CAL.L OUTPUT
LXI H,OPER1 7CALL QPER1 NEXT
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ISIS-11 B8080/808Y% MACRO

.gcC
000B

000k
0011
0013
0016
0019
001C
001
0021
0024

0027
0024
002D

0030
0033
0036
0039
003A

0038
003FE
0040
0047
0046

0049
Q04B
004E
0050

Q053
0054

0056
0059
00%A
005D

0060
0063

0BJ
30000

320100
FE2A

CA700
CDo000
320000
3EF1

320100
213000
£30000

CD0000
2146600
C30000

320200
CDOY00
210000
Bé
77

210900
0EOY

CD0000
214900
€30000

FES3
CA0000
FE47
£246000

F3
3E65

320000
FB

CDDDOO
C30000

CDO0OO
€30000

mom

E

mom D

m

o0

LINE

103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
1.31
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157

ASSEMBLER, V4.0 OPERH PAGE 4
SOURCE STATEMENT
JHP EXIT
| P S S P S T O SO e e
JOPERATE MODE, FIRST ADDRESS DIGIT
OPERL: STA OPINFO+1
CPI & 24
JZ EPROM
CALL ASCHX1
STA PRADD
MVI AOF1H
sTA PRADD+1
L.XI H,OPER2
JMP EXIT
[ T T N S S T A R S W S N S S
EPROM: CALL XMIT JECHO
LXI H» OPER4
JMP EXIT
[ O Y PO PP P OO O U,
JOPERATE MODE. SECOND ADDRESS DIGIT
QOPER2: STA OPINFO+2
CaLl ASCHEX
LXI H/PRADD
ORA M
MOV M/A
JOPERATE ADDRESS STORED IN PRADD IN BINARY
GO: LXI H,0TAB2
MVI CrL.TAB2
caLL QUTPUT ¢’ GO=G’
GO1: LXI H,OPER3
JMP EXIT
IR 2T L RS LR LSRR LSS RS RS TR R R LR R R
JOPERATE MODE, FIRST “G0O" COMMAND
OPER3: CPI -1
J2 START
CPI G’
JINZ TsTOP
FOPERATE MANIPULATAOR, BUT FIRST ENABLE
sHAND CONTROLLER (EMERGENCY STOP)
1)
MVI A 65H
FOCH2: END OF INPUT INTERRUPT
STA INTAD
EX
caLL OPERAT
JMP OPER
IET T TR 2R LR L R O R R A Y R R Y
JEMERGENCY STOP IF OPERATING,
JERROR MESSAGE IF NQT:
TSTOP: Cal.L RSTOP

JMP ERROR




ISIS-II 80B80/8085 MACRQ

Loc

00a2
00A5
00A7
00AA
Q0AD

00BO
ooRB2
00BS
OOR7
00BA

O0BD
00CO

(11:N]

320200
£Dooo0
07

320100

210000
0E04
D000
JEID
EDOOOO
JE20
CD000O
216600
14600
19

SE

23

36

EB
OEOF
£Do00O
€34300

213000
OELS

CD0000
21p000
€30000

FES?
CABDOO
FEAE
CALCDOO
C30000

234500
0EO07

mm

m

aom

mom ©

LINE

158
159
160
161
162
163
164
165
166
167
148
16%
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
18%
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211

212

ASSEMBLER, V4,0

OFPERW FAGE S

SOURCE STATEMENT
[T Y Y Y R O B S S S O S S RN,
JHARDWIRED PROGRAM MODE, ADDRESS DIGIT
OPER4: STA OPINFO+2
Cat.L ASCHEX
RLC
MOV ErA PSAVE DIGIT X 2
MOV C/A
MVI B:O
LXI H,PROMT
DAD B
IREG H = PROGRAM ADDRESS
MOV AN }GET ADDRESS
STA PRADD IPUT IT AWAY
INX H
MOV AM IGET 2ND HALF
STA PRADD+1 ;PUT 1T AWAY
FOUTPUT NAME OF TOOL REQUESTED:
LXI H,OPINFO
MVI Cr4
CALL QUTPUT 3’ xa !
MVI Ayt=?
CAL.L XMIT
MVI Ar? !
CaL.L XMIT
LXI H,QUTADD
MVI D0 JE CONTAINS DIGIT X 2
DAD D
JREG H = QUTPUT ADDRESS
MOV E/M
INX H
MOV oM
XCHG
MVI C,19
CALL OUTFUT
JMP 601
5000000 0000 00 00 00 00 0 06 3 38 36 06 36 36 36 36 36 36 36 36 38 00 36 36 36 36 30 36 36 3 36 8 96 T 36 36 36 36 3 9 96 36 36 3¢
ATTRIB: LXI H,OTABS
MVI C,L.TABS
CALL QUTPUT 7 OPER#DISP YES OR NO’
LXI H,0OPER1O
JMP EXIT

Y Y L o I T R L TR S AP P e
}DISPLAY DIAGNOSTICS DURING OPERATION?

OPER10: CPI
J2
CPI
JZ
JMp

rye
AYES
N’
AND
ERROR

[ LYY Y Y T T T Y T T PR Y WS Y W S O S O A P

AYES: LXI
MVI

73

H,0TAB6
C/LTABS

RV SN . Sy

I

PR,

-
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PAGE & f

I1SIS-11 80B0/B0BY MACRD ASSEMBLER, V4,0 OPERH
:
LoC 90BJ LINE SOURCE STATEMENT :
00C2 CDOOOO E 213 caLL QUTFUT 3’ YES?
00CS 3EOF 214 MyI A OFH f
00C7 320000 E 215 sTA DISPFG .
Q0Ca C30000 E 216 Jup START1
217 :
PSRRI I IS PR LR P LR PR LR L R R R R ]
OOCD 214C00 D 219 ANO: L.X1 H,0TAB? v
00D0 0E06 220 MVI C/LTAB?
00D2 CDOOOO E 22 caLL OUTPUT 3’ NO’ |
00DS 3E00 222 MVI A0
00D7 320000 E 223 STA DISPFB :
00DA €30000 E 224 Jup STARTY ;
225 s
D226 7 V160636 06 06 00 36 96 36 06 36 6 D 36 0 3030 36 36 36 06 3 6 3 36 06 38 36 36 36 06 00 38 6 06 6 36 0 26 0 36 3% 6 36
227
228 FINTIALIZE MULTIPLEXER
00DD 2A0000 E 229 OPERAT: LHLD PRADD  JCHECK FOR HAND ;
00EQ 7E 230 nov AsM
00E) E4OF 233 ANI OEH FMASK
00E3 FEO8 232 cPI 8
00ES CAESO01 € 233 Jz HAND
00EB FEOE 234 cPI OEH \
00EA CAEGOL € 235 Jz HAND ,
00ED CDOO00 E 236 cALL SETMUX JSET MUX & WAIT 100 MS
00FQ 3A0000 E 237 L.DA DISPFG
00F3 E4OF 238 ANI OFH FSET ZERO FLAG
00FS CAFROO C 239 Jz §K1P1. e
00F8 CDO000 E 240 caLL DPROGM
243,
242 ;IS DATA LARGER THAN POSITION + DEADBAND ? _
00FB CDOOO: C 243 SKIPL: CALL GETBC  BC = -(POS+DB) i
OOFE CHOO00 E 244 CALL GETDAT JHL = A/D DATA i
0101 09 245 DAD B
0102 DA3P0L € 246 JC ABOVE i
247 \
248 7IS DATA SMALLER THAN POSITION - DEADBAND ? i
0105 £h1a02 € 249 CALL GETBCM ;BC = - (PNS-DB) :
0108 240000 E 250 LHLD MUXAD  /DATA FROM FREVIOQUS GETD
AT i
010B 09 2s1 DAD B iHL = A/D-(PQS-DE) i
010C D27304 C 252 JINC BELOW 1
010F 240000 E 253 LHLD MUXAD  /WITHIN DEADBAND
0112 220000 E 254 SHLD CUTOFF  JCUTOFF=F INAL i
0115 220000 E 255 SHLD FINAL
254
pLYAREIT IR LTSN T LR LY L P Y Y Y LR LR R NS R Y
258 JEND OF OPERAT ROUTINE:
259 IDISPLAY RESULTS, INCREMENT PROGRAM ADDRESS &
260 ;DETERMINE IF END OF PROGRAM HAS BEEN REACHED,
0118 3E00 261 ENDOP: MVI A0
011 320000 E 262 5TA OQURFLG
011D 3A0000 E 263 LDA DISPFG
0120 E6OF 264 ANI OFH JGET ZERO FLAG ‘
0122 CA2801 € 249 JZ SKIP2 b
0124 CDOOOO K 246 CALL DRSULT 1
74
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Riei e L ol
ISIS-II 3080/8085 MACRO ASSEMBLER, V4,0 OFERW FAGE 7
LOC  OBd LINE SOURCE STATEMENT
0128 2a0000 E 267 SKIP2: LHLD PRADD IGET PROGRAM ADDRESS
O12R 110400 2468 L.XI Dr4 s INCREMENT PROGRAM
O12E 19 249 DAD D
O13F 220000 E 270 SHLD PRADD
0132 7E 271 MOV AN
0133 E4FO a7 AMI OF OH JGET END OF PROGRAM FLAG
0135 CO 273 RNZ
0135 C3DDOO c 474 JMP OPERAT
279
YRR A R L T R AR T R A
277 IOPERATE MANIPULATOR: A/0 DATA IS LARGER.
0139 3EO03 278 ABOVE: MVI Al
013R 320000 E 279 STA DIRFLG
O13E CDQJQO E 280 CALL RSTART
0141 CD3402 C 281 CALL RUN
0144 CDOOOO E 282 CALL RETOP
0147 240000 E 283 LHLD MUXAD
0144 220000 E 28; SHLD CUTOFF 3SAVE FOR DRSULT
28
286 JOPERATION COMPLETE» WAIT FOR ARM TO STOP
Q140 011027 287 LXI B,10000 WAIT .S SECOND
0150 CDOOOO E 288 CalLL RAIT
289
290 ICHECK FOR BAD POT READING:
0153 CD0002 c 291 CALL GETBC
0156 2IFOFF 92 LXI H,OFFFOH
0157 07 293 DAD B
015n 44 294 MOV B:H
015B 4D 295 MOV cL
015C CDO0OO E 294 CALL GETDAT
015F 09 297 DAD B
Q01460 DADDOO c 298 JC OPERAT
299
300 1F OK, CHECK FOR OVERSHOOT:
0163 CD1A02 C 3Jo1 CALL GETBCM ;BC = -(FOS-DRB)
0166 CDOOOO E 302 Cal.L GETDAT jHL = A/D DATA
0169 220000 £ 303 SHLD FINAL }SAVE FOR DRSULT
14 09 304 DAD B PHL = A/D-(POS-DR)
0140 D2ADO1 C 305 JNC OVRSHT
306
307 IMANIPULATOR IS WITHIN DEADBAND.
0170 C31801% c 308 JMP ENDOP
R {14
K3 N R L T L e Y L S T T T T T T P s
311 JOPERATE MANIPULATOR: A/D DATA SMALLER.
0173 3E00 312 BELOW: MVI A0
0173 320000 £ 313 STA DIRFLG
0178 £DOOOO E 314 catL RSTART
0178 CD$502 Cc 315 caLL RUNM
317E £DOOOO E 314 CatL RSTOP
0181 20000 E 317 LHLD MUXAD
0184 220000 E 318 SHL.D CUTOFF
319
320 JQPERATION COMPLETE, WAIT FOR ARM TO STOP
0137 011027 321 LXI B,10000 iWAIT .5 SECONDS
75
: ‘, i - hna ol 'hzmwﬁ._,‘,. s
e — dsasineas = Tl L AR ..
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IS1IS-1I1 BOBO/BOBL MACRO

Lac
0184

018D
0190
0193
0194
0193
0196
0199
0194

017D
01LA0
013
0146
Q1A7

01a4A

01AD
01B0
0182

01BS
01B7
Ji Ba
01BD
Q1BF
o1c2
1S
0ica
010D
01CD
0100

01Dp3
o1D%
o1pa
o1Dhp
01DE
01E0
01EZ

01E6

0BJ
CDoooo

CD1A02
211000
09
44
4D
CDO00O
09
D2DDOO

CD0002
CDO00O
220000
09

DAADOL

£31801

340000
E&FF
CADIVY

3JEO01

320000
3r0000
ESOF

CADDOO
CDoooo
CDo0Yo
212500
oEoB

CcD0000
C3IDDoo

3600

£DO00o
CD0000
211000
0E1S

£D0000
€30000

3A0000

O Mmoo

mm

om ommno

omm

mm

LINE

322
323
324
325
326
327
328
329
330
331
332
333
334
335
33a
337
338
339
340
J4a1
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
3460
361
362
363
364
363
366
367
348
369
370
J71
372
373
374
375
376

ASSEMBLER, V4.0 OPERMW PAGE 8

SQURCE STATEMENT
CALL WAIT

JCHECK FOR BAD POT READING:
CALL GETBCM

LXI H,0010H
DabD B

MOV B!H

MOV c/L
CALL GETDAT
DAD ]

JNC OPERAT

JIF OK, CHECK FOR QVERSHOOT:
CALL GETBC iBC = -(POS+DB)
CALL GETDAT HL = A/D DATA
SHLD FINAL FSAVE FOR DRSULT
DAD B JHL = A/D - (POS+DB)
Jc OVRSHT

iMANIPULATOR IS WITHIN DEADBAND.
JMP ENDOP

S T T T TT LTI TP T TP TP OGP TF GV VONY FOPIPTY T TP
iMANIPULATOR MISSED DEADBAND REGION

B TP

OVRSHT : L.DA OVRFLG
ANI OFFH
JINZ OVRENWL

JMISSED ON FIRST ATTEMPT, NOTIFY
FOPERATOR AND TRY AGAIN

MVI ar}
STA QVRFLG
L.DA DISPFG
ANI OFH
JZ OPERAT

cAaLL DPROGM
CALL DREUL.T

LXI H,0TAB4

MVI CsL.TAB4

CALL QUTPUT 7’ FIRST MISS’
JMP OPERAT

R L L T R e o S S T 2 A R A 2
iMANIPULATOR HAS MISSED TWICE.,
ABORT OPERATION
OVRSH1: MVI M0
Cat.L DPROGM
caLL DRSULT

LXI H,0TAB3

MvI C/LTABI

CALL QUTPUT 7 ’2ND MISS: ABORT PRQG’
JMP 3TART1L

L2 R R A I X T YT T TV YV PO O PPre
DISPFG

HAND : L.DA

76
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ISIS-II 8080/8083 MACRO

Loc

V1E?
01D
01EE
O1F )
O1F4
01F?
O1FA
01FD

0200
0203
0204
0205
0206
0207
0208
0209

0208
e20C
020D
020F
020F
0210

0211
0213
0214
0215
0217
0218
0219

0214
021D
02 E
021F
o2
0222
o223
0224
0226
0227
0228
0229
0224
022B
022D
022&
022F
0230

aB.

ESOF

CAF101
€Doo00
£D0000
01FFFF
£DO000
CD0QOO
C32801

omm mmo

2060000 E
23
44
23
AE
23
SE

1600

EB
29
29
29
29

09

3E00
?3
4F
3E00
?C
47
ce

240000 E
23
23
3£00
96
AF
2B
3E00
o
47
23
23
SE
1600
£B
29
29
29

LINE

377
378
379
380
381
B2
383
3IB4
385
3Bé
387
388
389
3%0
3?1
392
393
394
395
3946
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
437
413
414
415
416
417
419
419
420
421
422
423
424
425
426
427
428
429
430
431

s —

ASSEMBLER, V4.0 OPERW PAGE ?
SOURCE STATEMEMT
ANI OFH
NY4 SKIP3
CALL DPROGM
SK1P3: CALL RSTART
LXI B,OFFFFH
CaL.L WAIT }RAIT 3 SEC
CALL RSTOP
JMP SKIP2

B 30 T0 00 5k 00 36 36 36 36 36 35 36 36 30 20 30 30 38 36 36 3636 36 26 36 36 36 30 3698 38 00 24 30 36 30 06 26 30 3 06 3 3% 34 24 3 3¢

GETBL: LHLD PRADD
INX H F(REG HL) = DATA (HIGH)
Mav B/M
INX H
MOV CrM
INX N i (REG HL) = DEADBAND
MOV E,M
MVI 0,0 iDE = DEADBAND
}DEADBAND HAS TO BE SHIFTED 4 PLACES:
XCHG
DAD H LEFT SHIFT REG ML
DAD H
DAD H
DAD H
DAD B JHL. = POS+DB
FA CARRY HERE [S AN ERROR
MVI a:0
SUB L
MOV Cra
MVI A0
SBB H
MOV R/A /BC = -(PQS+DB)
RET

33003038 30 36 30 36 36 26 30 36 36 36 36 6 20 30 40 6 36 36 20 36 36 36 36 36 30 36 0 30 36 36 30 3 34 36 36 24 3¢ 36 38 3¢ 3 3% o4

GETBCM: LHLD PRADD

INX H

INX H

MVI A0

suB M

Mav C:A

bpCX H

MVI A0

SBR M

Mav B/A iBC = -FOS
INX H

INX H

MOV EM

MVI 0,0

XCHG ML = DB/4
DAD H

Dab H

DAD H

77




Loc

023}
0232
0233
0234
0235

0236
0237
033
V23E

0240
0241

0245
0246
0247
Q246
0240
024E
0251
Q2L3
0256
Q3257
025n
0ALE
023E
JAGF
0282

0245
0248

aBJ

29
09
a4
4D
co

110300
3E00
320000
3E01

12
In

2A0000

12

09
0AS702
3A0000
3C
320000
FEOA
L2302

DIGFO2
?7

320000
C33E02

110300
3600

E

LINE

432
433
434
435
434
437
438
439
440
441
442
443
444
A4S
444
A47
448
449
450
451
452
453
454
4S5
456
457
458
4S9
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
474
477
478
479
480
481
482
483
484
485
486

f ISIS-11 8080/8085 MACRO ASSEMRLER:,

520026 30 36 36 3636 20 36 96 36 26 36 30 36 3636 36 3 26 36 36 36 3 36 36 36 26 3 36 36 26 36 96 36 36 96 36 36 2 3¢ 36 ¢ 36 3 -

1K ]

F ORIEJ6 3 36 38 30T 30 36 26 36 36 36 36 36 36 36 30 30 36 36 3 36 36 3 36 36 26 36 36 06 20 26 3036 3636 2626 36 08 6 N 26 2 %

+REG B
iREG D
}REG H

RUN:

RUN1

V4,0

OPERMW PAGE 10

SOURCE STATEMENT

DAD
DAD
MOV
Mov
RET

H iHL
B iHL
B:H
C/L

iBC

DB
-(POS-DB)

nu

"

-(POS-DB)

REAL TIME OPERATION ROUTINES

POSITION INFORMATION
ADDRESS OF SINGLE BIT COMMAND FOR A/D
A/D DATA & DIFFERENCE

LXI D,MUXAD+3

MVI A0

STA COUNT

MVI Al
JSET A/D START BIT HIGH:

S7aX D 3 (7 CYCLES)

OCR A 7 (S CYCLES)
fA/D CONVERTER READY, GET DATA:

LHLD MUXAD
iPRIOR TO DATA READ: (10 CYCLES)
}TIME TO READ DATA: (6 CYCLES)
RESET A/D START BIT LOR (STARTS A/D)

STAX D (7 CYCLES)

DAD B 3 (10 CYCLES)

JC CNTDN (10 CYCLES)

L.DA COUNT

INR A

STA COUNT

CPI 10

JNZ RUNM1

RET
CNTDN: LDA COUNT

UCR A

JNC CNTDN1

SUB A FDONT WANT MINUS NUMBERS
CNTDN1: STA COUNT

JNP RUN1

{DATA READ TIME: 13 CYCLES

OR 7 MICROSECONDS

FCONVERSION TIME: 47 CYCLES OR 23 MICROSECONDS

iTOTAL

TIME:

60 CYCLES

UR 30 MICROSECUONDS

»*

FOA06 0 0000 00 30 0030 3000 20 06 36 36 6 3630 30 08 06 6 36 36 36 08 30 6 30 36 36 08 30 06 6 36 36 06 06 36 06 3 3 26 36 3¢

RUNM:

LXI
MVI

78
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ISIS-II 3080/8083 MACRO ASSEMBLER, V4.0 OPERKW FAGE 11
1.0C O0B.J LINE SOURCE STATEMENT '
t 026A 320000 E 487 STA COUNT !
: 026D 3EOD 488 RUNMIL: MVI Al
026F 12 489 STAX D
0270 3D 490 DCR A
0271 2A0000 E 491 LHLD MUXAD '
0274 12 492 STaX D
02735 Q9 493 DAD B )
9276 DABLO2 Cc 494 JNC CNTDNM !
0279 2In0000 E 499 LDA COUNT j
0272 3C 496 INR A N
0270 320000 £ 497 STA COUNT
0280 FEOA 498 CP1 10
0282 C2s8D02 c 499 JINZ RUNM1
0285 C9 500 RET
0285 3A0000 £ 501 CNTDNM: LDA COUNT
olge 3b 502 DCR (]
0284 D2BEQ2 c 303 JNC CNT1
oD 97 504 Sup -] !
02BE 320000 E 505 CNT1: STN COUNT ]
Q291 C36D02 C 506 JMP RUMMI
0294 C9 507 RET
508
S09 5960096 26 00 90 06 36 06 00 0008 0 0606 06 0 36 3606 00 00 06 36 D000 06 6 06 06 00 18 0 06 16 00 00 36 0% 30 06 36 36 06 0 0 00
910 s END REAL. TIME OPERATION KOUTINES *
3511 ;nnunnnullulunn*nunniulnnnlnnnn*lnninuluulﬂnuuau
512 .
513 END

PUBLIC SYMBOLS
ATTRIE C 00A2 QPER Cc 0000 PROMT D 0032

EXTERMAL SYMBOLS

ASCHEX E 0000 ASCHX1 E 0000 COUNT E 0000 CUTOFF E 0000
DIRFL.G E 0000 DISHFG E 0000 DPROGM E 0000 DRSULT E 0000
ERROR E 0000 EXIT £ 0000 FINAL E 0000 GETDAT E 0000 !
HO £ 0000 H1 £ 0000 H2 E 0000 H3 E 0000
H4 E 0000 HS £ 0000 Hé6 E 0000 H7 E 0000
H8 £ 0000 H9 &£ 0000 INTAD E 0000 Muxabp E 0000
GPINFO E 0000 QUTPUT € 0000 OVRFLG E 0000 PRADD E 0000
RSTART E 0000 RSTOP E 0000 SETMUX E 0000 STARTL E 0000
NAIT E 0000 XMIT € 0000

USER SYMBOLS

ABQVE C 0139 ANOD C 00CD ASCHMEX E 0000 ASCHX1 E 0000
ATTRIB C 00A2 AYES € 008D BELOW C 0173 CNT1 C 028E
CNTDN C 0257 CNTDN1 C 023F CNTDNM C 0286 COUNT E 0000
CUTOFF E 0000 DIRFLG E 0000 DISPFG E 0000 DPRAOGM £ 0000
DRSUL.T E 0000 ENDOP C 0118 EPROM C 0027 ERROR E 0000
EXIT £ 0000 FINAL E 0000 GETBC C 0200 GETBCM C 021A
GETDAT E 0000 GO C 0031B G601 C 0043 HO E 0000
Hl E 0000 H2 E 0000 H3 £ 0000 H4 £ 0000
HS &£ 0000 Hé E 0000 H? £ 0000 HE E 0000
H? £ 0000 HAND C OLEé INTAD E 0000 LTABL A 0009
LTAB2 A 0007 LTARZ A 0010 1.TABA A 000B LTABS A 0013
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ISIS-II 80B0/8085 MACRD

LTABSG
OFER1
OPER4
JTAB2
0TaBé
OVRFLG
PROMT
RUN1
SKIP1
TOOLOO
TGOLO4
ToOLoB
XMIT

moooOoOsMoo00

ASIEMBLY

0007
000E
0066
0009
0045
0000
0052
023E
0O0FB
007A
00Bé
00F2
0000

LTAB?

OPER10
OPERAT
QTABJI

O0TAB?
OVRSH1
RSTART
RUNM

SKIP2
TOOLO1
TOOLOS
TaaL o9

COMPLETE, NO

ASSEMBLER, V4.0

A
c
c
D
D
C
E
c
c
D
D
0

0006
00BO
ooDD
0010
004C
01D3
0000
0265
0128
0089
Q0C3
0101

ERRORS

MUXaD E 0000
GPER2 C 0030
OPINFO E 0000
0TAB4 D 0025
OUTADD D 0066
OVRSHT C 01AD
RSTOP E 0000
RUNML C 026D
SKIP3 C OLFL
TQOLOZ2 D 0098
T00L06 D O0D4
TSTaGP C 0060
80

OPERK

OPER c
QPER3 C
0TAaBL D
OTABS D
OUTPUT E
PRADD E
RUN c
SETMUX E
STARTL E
TOOLO3 D
TOOLO? D
WNAIT E

PAGE

0000
0049
0000
0030
0000
0000
0236
0000
0000
00A7
OOE3
0000

O e e B A L el kit it va s oo .




ISIS-11

ABOVE
AND
ASCHEX
ASCHX1
ATTRIB
AYES
BELOW
CMT)
CNTDN
CNTDMY
CNTUNM
COUNT

CUTOFF
DIRFLG
DISPFG
DPROGM
DRSULT
ENDOP
EFROM
ERROR
EXIY
FINAL
GETBRC
GETBCM
GETDAT
GO

G031

HO

H1

H2

H3

H4

HS

Ho

H7

H3

H?
HAND
INTAD
LTABL
L.TAB2
LTAB3
L.TAP4
LTABS
LTARO
LTAB?
MUXAD
OPER
OPER)
QPER1Q
OPERD
JPER3
OPERA
OPERAT
OPERMW
QP INFO

ASSEMBLER

246
207
13
13
11
205
252
503
463
472
494
17
S01
15
16
14
17
17
261%
109
12
12
15
243
249
19

19
233
12
34
3ne
I35
37¢%
kicf g
398
40%
13
11
102
199
114
133
119
149
1
13

278¢%
219¢
125
119
196%
2318
312%
505%
470%
474%
501¢%
448
505
254
279
215
240
266
308
118%
156
103
295
29
Jo1
244

192
45
45
45
45

161

464

284
313
223
357
358
342

208
1195
303
335
325
296

J76%

253
150

124

466
318

237
348
369

120
337
Ri:1-1
414%
302

180

81

SYMBOL CROSS REFEREMCE.

470

263
379

134

330

332

1735

va.t

474

354

336

446

356

487

374

456

3462

PAGE

495 497

485 491




181%- 1T ASSEMBLER SYMBOL CROSS REFEREMCE, V2.1 PAGE 2
OTARL 26F% 9P
OTAR2 478 130
0TAB3 28% 370
aTAE4 o 359
0TABS J0% 198
UTaBo 31§ 211
UTAR7 32% 219
QuUTADD S51¢ 182
JUTPUT 14 101 132 177 191 198 213 221 361
372
QVRFLG 17 2462 J4é JS3
OURSHY 348 34678
QVRSHT 30§ 339 J46%
PRADD 1 111 113 124 170 173 a2e 267 279
3gs 414
PROMY 14 45¢% 166
RSTART 14 280 314 380
RSTOP 16 159 282 316 383
RUN 2081 A48%
RUM1 4498 468 475
RUNM 313 485%
RUMMI 18048 499 506
SETMUX 18 236
SKIPY 239 243
SKIR2 265 267% 364
SKiFX %78 I80¢
3TART1L 15 139 216 224 373
TOOL QO 51 S6¢
TOOLO1 51 37%
TOOL.O2 51 53¢
TOO0LQ3 31 39%
TOOL.04 Ha 60%
TOOLOS 32 41%
TOOL. Q5 52 62%
TOOLO?7 32 63%
TOOLOB 53 b4%
ToQl0? 33 a5y
T4TOP 14) 1558
WAIT 14 288 322 382
AMIT 12 118 179 181
CROSS REFERENCE COMPLETE
82
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ATMED

FLIDUTPUT.ASY XREF PAGEWINTH(Z72)

ISIS~-II 8080/8083 MACRO

L0

2000
0004
Q007
VO0R
QOQFE
Q012
Q016
0017
coLB
001LE
Qal2
0026
2027
Q02R
QONF

0033

0007
0007
0009
0097
0009
Q008
0006

0035
0038

1))

2046494E
41AC3D
20444944
463D3D
205¢5247
4D2A4144
D
2043344F
46463D
20444953
502A4144
3D
20225354
45505330
20053544F
3020

211£00
OKE0%

|t}

LIME

VDN LI> W

27
2B

29
30
31
32
33
34
35
36
37
38
19
40
41
42
43
44
45

ASSEMBLER, V4,

0

QUTFUT rAGE 1

SOURCE STATEMENY

NAME

iPROGRAMMER :
PVERSION 2.
FOATE OF LAST CHANGE: (OCTOBER 31, (977

QUTPUT

C.MORRIN

¥ 06 36 36 76 3 36 36 30 06 36 26 96 36 DE 6 D6 06 36 J6 3 06 14 3 26 V6 36 26 3 06 36 6 6 06 06 6 I 06 6 I 06 96 6 2

CSEG

PUBLIC
PUBLIC
EXTRN
EXTRM
EXTRN
EXTRM

DISP/XMIT,HEXASC  HXASCL
QUTFUT » DPROGM,» DREUL.T » FNASC
WAIT,EXIT,ASCHEX,ASCHX1
USRT,OPINFD,PRADD FINAL
CUTOFF ERROR, SAVE,START1
PROMT,STOPFG

330 3620 3 b 36 2 36 96 36 36 36 3 36 36 36 56 38 36 36 06 36 6 36 96 36 06 36 OF 3 96 B 96 34 26 36 36 3 6 20 0 26 26 N M

ODATAL:
NDATA2:

ODATAZ:

aDATA4:

JDATAS:

ODATAG:
DATAZ:

LDATAL
LDATA2
LDATAZ
L.LDATA4
LDATAS
LDATARG
LDATA?7

DSEG
DB
oB

DB

DB

DB

DB
DB

ZQu
EQU
EQU
EQU
EQU
EQU
EQU

’

CBONLIONUN

FINAL="
DIFF==’

PRGM*AD =’

CTQFF=’

DISF=AD=/

$STERS="
STOP 7

§FE 303000 00 30 0036 06 6 30 30 06 16 36 3036 3 6 6 26 6 36 26 20 36 06 3 46 26 36 26 36 D 26 36 36 36 36 26 9 36 36 36 36 3¢

JDISPLAY PROGRAM ROUTINE:

i INPUT INTERFACE:
+DISPLAY MODE,

DIsP:

LXI
MVI

83

RERQUEST ALDRESS INFORMATION:
H,ODATAS
CrLDATAS
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ISIS-II 8080/80835 MACRO

e

Loc
003n

oo3n
QOIF
2042
2045

0048
004n
004D
0050
0053
0056
005%

00582
005F
0062

0065
00683
Q067?
006én
D061
Q06F

0070
Y071
2072

0073
0074
0077
0078
0079
Q078

Q07E
008}
0084
0087
0088

0039
0080
Q08E

oB.J
CDCFO0

3EF1

320100
214800
C30000

FE2A

CASCO00
320100
Cpoo0Qo
320000
21700
£30000

CDRF OO
216500
£30300

CDoood
07

4F
0600
210000
0%

SE
23
56

230900
73

23

72
0631F
C3?2A00

320200
CDo0000o
210000
Bé
77

212700
0£08
CDCFO0

~”
44

mommmD

=

LINE

46
47
48
49
S0
51

92
53
S4
35
Sé
57
S8
59
60
61

62
63
64

ASSEMBLER, V4.0 QuTPUT FAGE 2

GOURCE STATEMENT

CALL QUTPUT i’ DISF#*AD=’
FINITIALIZE PRADD:

MVI A OFLH

aTea PRADD+1

LXI H/DISP1 /CALL DISP1 NEXT

JMp EXIT

S S T O T ¥ T T o P S O O O S e e e T T 2
JDISPLAY MODE, FIRST ADDRESS DIGIT

DISP1: CPI tut
JZ nIse2
STa OPINFO+1
CALL ASCHX1
STA PRADD
LXI H/DISPJI
JMP EXIT

R O S O AT R O QA O W S S S S e R ¥ P ey ar e
FDISPLAY HARDWIRED MEMORY: CHANGE PRADD:

DISP2: CALL XMIT
LXI H/DISF2A
JMpP EXIT

[ S W S A S S A U AT O AT O S ST SR ST S AT QPR AT R AR ST R RO S S PR A S APPSR S
FHARDWIRED MODE, 2ND ADDRESS DIGIT:

DISP2A: CALL ASCHEX
RLC
MOV Cra
MVI B/0
LX1 H/,PROMT

'aD B
}C(REG H) CONTAINS STARTIMG ADDRESS
fGET STARTING ADDRESS:

MOV EsM
INX H
MOV DM
JSTORE STARTING ADDRESS IN PRADD:
LX1 H,PRADD
MoV M E
INX H
Mav M:D
MUY Br1iFH
JMP D4

PR T WP Y 2 T2 T P L N S A A S
sDISPLAY MODE, SECOND ADDRESS DIGIT

NIsp3: STaA QP INFO+2
CaL.L ASCHEX
LXI H,PRADD
Ora M
MoV M A FPRADD NOW CONTAINS

}ADDRESS OF FIRST PROGRAM STEP TO RE DISFLAYED

LXI H,ODATAS
MVI C L.DATAS
caLL QUTPUT '’ &STEPS=’

84

-




b M

ISIS-11 BOBO/BOBS MACRO
LOoC uBJ LINE
Q091 219730 D 101
0094 C30000 E 102

103
104
105
106
107
i08
0097 CDOQOO E 109
00?1 47 110
009B CDECOO D 111
00?€ CS 112
Q00PF 01204E 113
00a2 CD0000 E 114
00A% L1 115
00A6& 2A0000 E 114
00A%? 110400 117
oonc 19 118

00AD 220000 E 119
00RO 3A0000 E 120

00B3 E&FF 121
00BS C20000 E 122

123
0088 0S 124

00BR? (C29ROO D 125
o0BC C30000 E 126
127
128
129
130

131
132
00BF L5 133
Q0CO 47 134
00C1 2ZA0100 3 135
00C4 E601 136
Q0Cé CACIO00 D 137
00C? 78 138
00CA 320000 E 139
00CD C1 140
0O0CE C9 141
142
143
144
145
146
147

148
149
150
151
192
153
00CF FS 15..
d0D0 7E 1.5%

ASSEMBLER, V4.0 OUTPUT PAGE 3

SOURCE STATEMENT

LXI H,DISP4
N EXIT

R g A e S S AR L T2 T2 R R R W A

DISPLAY MODE, NUMBER OF STEPS
FDPROGM (QUTPUT MODULE) IS MAIN ROUTINE

+FOR DISPLAY MODE. IT RERUIRES ADDRESS
1IN PRADD.
DISP4: CALL ASCHEX
D4: MOV B,A
CALL DPROGM
PUSH B
LXI B,20000
CALL WAIT JDISPLAY 1 SEC
PoP R
LHLD PRADD
LXI D,4
DAD D
SHLD PRADD
LDA STOPFG
ANI OFFH }SET FLAGS
JUNZ START1
P "STOP" FUNLCTION HAS BEEN DISPLAYED
11084 B
INZ DICP4+4
JMP 3TANTL

FOEFEIEIE T 0000630 0 0000 00 00 0000 00606 0000006 366 36 9 2 2 9 D60 6 2 I I I KN

FTRANSMIT CHARACTER ROUTINE:
iCHARACTER MUST BE 1IN ACC

XMIT: PUsSH B

Mav BsA
XMIT1: LDA USRT+) JGET USRT STATUS
ANI 1 FGET TXRDY BIT
JZ XMITY }READY?
MOV A/B iYES
STA USRT
PapP B
RET
B 663000 36 00 30 36 3008 3 90 3690 6 36 6 36 3638 36 36 36 36 36 30 3 363638 6 36 06 36 26 36 -6 3638 36 36 36 3 2096
}OUTPUT ROUTINE
$THIS ROUTINE OUTPUTS A BLOCK OF DATA

iTO A 8251 USRT.

$OUTPUT REQUIRES THE FOLLOWING:

FREG HL MUST CONTAIN BEGINNING ADDRESS OF LATA.
REG C MUST CONTAIN LENGTH OF DATA BLOCK.

tDATA MUST BE IN ASCII FORMAT.

QUTPUT: PUSH PSHW

MOV ArM PGET NEXT CHARACLTER
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ISIS-II B8080/8085 MACRO ASSEMBLER: V4.0

Loc

oont
Q0D4
00DS
00Ds
0oD?
o0DA

O0DE
o0De
oopn
00DE
00DF
00E 3
00E3
006
0QER
QOE?D
QOER

OOED
00ED
OOLE
00EF

QOF O
00F3
Q0F 4
QOF7
JOF A
Q0FR

OBy

CDBFOO D
23
op
C2D000 D
Fl
co

oF
oF
OoF
OF
ESOF
FEOA
D2E?00 D
F630
ce
C637
c?

FS
CS
D5
ES

240000
7D
CDbBOO
320100
n
CDDFOO

o Mo m

LLINE

156
157
158
159
160
161
162
163
164
165
166
167
168
149
170
174
172
173
174
175
176
177
178
179
i80
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
196
199
200
201
202
203
204
2095
206
207
208
209
210

QUTPUT FPAGE 4

SOUKCE STATEMENT

CALL XMIT FTRANSMIT IT

INX H

DR C

JMNZ OUTPUT+1 }MORE CHARACTERS?
POP PSKH

RET

$ 9636 003096 38 36 3% 2036 9636 369698 36 36 36 36 36 36 36 36 26 36 36 36 26 36 36 6 36 26 36 30 34 26 3 36 30 3 3 3 30 3 3¢ %

JHEXADECIMAL. TO ASCII CONVERSION ROUTINES:

FALL ROUTINES START AND END WITH DATA IN ACC
JHEXASC = HEX TO ASCII (HEX: LOWER HALF ACC)
FHXASC1 = HEX TO ASCII (HEX: UPPER HALF ACC)

HXASC1: RRC

RRC
RRC
RRC

HEXASC: ANI OFH
CPI 10
JNC HEX1
ORI 30H
RET

HEX1 ¢ ADI 37H
RET

F V0000 30 26 26 6 36 36 30 06 636 36 3 96 36 36 6 06 36 36 36 26 36 2 96 3636 2 36 3¢ 06 9 36 36 9 6 16 36 36 6 36 30 2 9

DISPLAY PROGRAM STEF ROUTINE

THIS PROGRAM USES THE PROGRAM POINTER PRADD
FAS AN INPUT. THE OUTPUT IS THE CONTENTS OF
IPRADD, AND THE CONTENTS OF THE INSTRUCTION

}POINTED TO BY PRADD.

}THE FORMAT OF THE QUTPUT IS:
’PROG#AD=XX"
’FN-DATA-DB/

12
4
JWHERE XX = CONTENTS OF PRADD
; FN = FUNCTION = (PRADD)
H DATA = POSITION = (PRADD+1,+2)
3 DB = DEADBAND = (PRADD+3)
DPROGM: PUSH PSH
PUSH B
PUSH D
PUSH H

»GET PRADD, CONVERT TO ASCII.»
FAND STARE IN OPINFO+1.+2.
LHLD PRADD

MOV Al

CAal.L HXASC!
STA QP INFO+1
MOV Al

CALL HEXASC FOPINFO+1,+2 CON
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ISIS-11 28080/8085 MACRO

Lac

00FE

o118
0119
0114
011D
0120
012

0124

0127
012
o126
012F
0132
0134

0137
0138
0137
01in
013B

0t3C
Q11E
0141
0144

0BJ

320200 E

7k

FEFO
D23Co1 D
cocio1 )

3E00
320000 E

23
96
23
SE
EB
€Doooo E

134

23
7€
CDDBOO
320000
7E
CDDFOO

o mo

320000

m

210800
0EQ0Y
CDCFOO
210100
oEOD
CDCFO0

El
D1
Ci
F1
c?

O Mo o

3EFF
320000 E
210€E00 D
0EO?

LINE

211
212
213
214
218
216
217

218
219
220
221

222

223
224
225
226
227
228
229
230
23)
232
233
234
235
236
237
238
239
240
241

242
243
244
245
244
247
248
249

250
251
252
253
254
255
256
457
258
259
260
261

ASSEMBLER, V4.0 QUTPUT PAGE S

SOURCE STATEMENT
TAINS

STA OPINFOQ+2 PROGRAM ADDRESS
}GET FUNCTION,CONVERT TO ASCII»

FAND STORE IN OPINFO+4,+S.

MOV RrM
CPI OFOH
JNC sTOP

caLL FNASC JCONVERT FUNCTION TO ASC
11
FFNASC WILL STORE ASCII DATA IN GPINFQO+4,+5

IRESET “STOP FUNCTION" FLAG
MVI 4,0
STA STAPFG

FGET DATA, CONVERT TOQ ASCII, AND
}STORE IN OPINFO+7,+8,+9,+10.

INX H

MOV DM

INX H

MOV EM

XCHG iHL = DATA

CALL SAVE
DATA STORED IN OPINFO+7 TO QFINFO+10
XCHB JHL. = (PRADD) +2
7GET DEADBAND, CONVERT TO ASCII,
JAND STORE IN OPINF0O+12,413,

INX H

MOV arM

CALL HXASC1

874 OPINFO+12

Mav ArM

Call HEXASC FOPINFO+12++13 U
ONTAINS

STA OPINFO+13 }DEADRAND DATA
jOUTPUT ’PRGM»#AD=XX FN-DATA-DB’,

LXI H,0DATAZ

MVI C/LDATA3

CaL.L OUTPUT ;! PRGM®AD=’

LXI H,OQPINFO+1

MVT Cr13

catl OUTPUT 7 ( PRGM®AD=)XX FF-XXXX~X
X
DP1: POP H

popP D

POF B

POP PSH

RET

T e R N A L LS S 2 LR T S S Y T W A S RO
iDISFLAY PROGRAM STEP, FUNCTION="STOP"

STOP: MVI A OFFH
STa STOPFG
LXI H,ODATA3
MVI C,LDATAZ
87




. argon
ISIS-II 3080/8085 MACRO ASSEMBLER, V4,0 QuUTPUT PAGE é
Lac osJd LINE SOURCE STATEMENT
0146 CDCFOO0 D 262 CALL QUTPUT
0149 3/0100 E 263 LD& OPINFO+1
014C CDBFOO D 264 CALL XMIT
014F 3A0200 E 265 LDA OPINFO+2
0152 CDBFOO D 266 caLL XMIT
! 0155 212F00 D 267 LXI H,0ODATAZ
: 0158 QOEOQ4 268 MV C/LDATAZ7
; 0154 CDCFOO D 269 CAL.L QUTPUT 3’ STOP !
0150 C33701 D 2;0 JMP ti g}
271
272 7 W60 20 363 26 3008 96 I 096 I6 06 36 6 U6 06 3096 06 2 26 36 D6 06 06 6 96 16 36 36 36 06 36 3¢ 36 06 6 ¢ - 3
273
274 JDRSULT CALCULATES THE ABSOLUTE VALUE OF
27% }THE ERROR (DESIRED POSITION - FINAL POSITION) .,
274 iAND DISPLAYS BOTH THE FINAL POSITION
277 }AND THE ERROR.
278
0160 FS 279 DRSULT: PUSH PSK
0161 CS 280 PUSH B
0162 ES 281 PUSH H
2082
283 JDISPLAY CUTOFF POSITION:
0183 240000 E 284 LHLD CUTQFF
01ae CDO0OO E 285 CALL SAVE
0169 211700 D 286 LXI H,ODATA4
0360 OEODY 287 MVI CrLDATA4
O16E CDCFOO D 288 CALL guTePUT 7’ CTOAFF=’
0171 1310700 E 289 1.X1 H»OPINFO+7
0174 0EOQ4 290 MVI Cra
0174 LCDEFOO D 291 CAL.L QuUTPUT
292
293 IDISPLAY FINAL POSITION:
2179 20000 E 294 LHLD FINAL
017C £DO00O E 2935 Cal.L SAVE
296 iSAVE CONVERTS FINAL POSITION TO ASCII AND
297 JSAVES IN OPINFO+? TO OPINFD+10
017F 210000 D 298 LXI H,QDATAL
o182 OEO7 299 MVI C,L.DATAL
0184 ChCI 00 D 300 CALL OUTPUT 7’ FINAL=’
0187 210700 E 301 LXI H,OPINFO+7
018A QEO4 302 MVI Cr4
313C CDCFOO D 303 CaLL QUTPUT  }(FINAL=) ?XXXX?
304
305 CALCULATE DIFFERENCE:
018F 2A0000 E 306 LHLD PRADD
0192 23 307 INX H
(93 46 308 MaVv B/M
« 423 309 INX H
01YS Ak 310 MaV CM
311 IGET A/D DATA:
0196 2A0000 E 312 LHLD FINAL iHL = A/D DATA
313 SUBTRACT:
019? 79 314 Mav A,C
2194 95 319 SUR L
O19?R &F 316 Mav LA
88
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1SI1S~11 8080/8085 MACR(O ASSEMBLER, V4.0 QUTFUT PAGE 7 {

Loc oBJ LINE SOURCE STATEMENT ./
o19C 78 317 MOV ArB .
0170t 9C 318 SBB H L
019E &7 319 MOV Hr& |
320 DIFFERENCE IS IN REG HL., ,
321 CALCULATE ABSOLUTE VALUE,
019F D2AA01 D 322 JNC 0t JIF NO BORROW, THEN OK
9142 3EOO0 323 MV A0 ;
01A4 75 324 SUB L i
O1A5 oF 325 MOV LsA ‘
01R6 3IEOQ 326 MvI Ar0 i
0148 5C 327 SBR H .
01A? 67 328 MoV H/A >
329
330 ;OUTPUT DIFFERENCE DATA:
QO1AA CDOOOO E 331 D1: CALL SAVE
01AD 210700 D 332 LXI HsODATA2
0110 0EOY 333 M1 C,LDATAZ
01B2 CDCFOO I 334 CALL QUTPUT  j’ DIFF==’
OLBS 210700 E 335 LX H OPINFO+7 '
01B8 OEO4 336 MV Cré :
01BA CDLCFOO D 337 CALL OUTPUT 3 (DIFF==)! XXXX’
01BD E1 338 FapP H
01BE L3 339 POP B
01BF F1 340 pap PSW
01L0 C9 341 RET
342 P
TAT 5 3236205020 26 3636 20 36 3636 36 36 26 36 38 36 3636 36 30 26 36 36 36 30 36 36 2 2630 3 36 36 36 26 26 30 20 06 3 2 6 2 36 2 o
344
345 3FNASC CONVERTS FUNCTION(PASSED IN ACC) TO ASCII *
346 JASCII DATA IS STORED IN OPINFO+4,+5 BY FNASC
347
01C1 FS 348 FNASC: PUSH PSW
21C2 €S 349 PUSH B
01C3 ESOF 350 AN OFH
01CS CAF701 D 35) JZ sU ISU = 0
01C8 3D 352 DCR A
21C9 CAFDOL D 353 Jz sL
01CC 3D 354 DCR A
0ILD CAO302 D 355 92 EU
01D0 3D 356 DCR A
01D1 CA0O902 D 357 Jz EE
01D4 3D 358 DCR A
01DS CAOFO2 L 359 Jz WU
01D8 3D 360 DCR A
01D9 CAL502 D 361 J2 Wi, WL = 5
o1pC 3D 362 DCR A '
01DD CAIBO2 D 343 42 WR :
01£0 3P 364 DCR A
O1ES 3D 365 DCR A
01E2 CA2102 D 346 Jz HO iHO = 8 i
: 91ES 3D 347 DER A ;
- 01E6 CA2702 D 348 Jz HC IHC = @ f
: 01E9 031.3F3F 369 LX1 B, '
01EC 78 370 RETL: MOV AsB :
£ 0LED 320400 E 374 874 OPINFO+4 )
g :
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ISIS-II 8080/8085 MACRO

Loc

01F0
o1t
01F 4
O1FS
O1F$
QLE7
O1Fn
QIED
0200
0203
0206
0209
020C
Q2QF
0212
o215
0218
oMp
021E
Qa2
0224
Q227
022A7

PURLIC
DISP
HEAASEC

OB

79
220500

c1
Fi
ce

015553
C3ECO1
014C53
C3ECO1
015545
C3ECO1
014545
C3ECO1
015557
C3IECO1
01.4C5H7
C3ECO1
015257
C3ECO1
014F 48
C3ECO1
014348
C3ECOL

SYMBOLS

o
b

EXTERNAL

ASCHEX
EXIT
PROMY
USRT

E
3

0035
OODF

3'(MBOLS
0000
0000
0000
0000

USER SYMBOLS

ASCHEX
D4
nISP2A
DPROGM
EU

HC
HXASCH
LEATAL
ODATHI
QDATAS
QUTPUT
3AVE
STOPFG
WL
XMITH

E
D

U
]
D
Y
1]
A
o
U
D
E
(3
n
I

=

ASSEMBLY

0000
o094
Q065
0QEC
0203
0227
o0DB
0007
0000
001E
AOCK
0000
0000
Q215
o0C1

E

o O O O o o o o o

LINE

372
373
374
375
376
377
378
3729
380
381
382
383
384
385
386
387
3sg
389
390
391
392
393
3?4
395
396

DPROGM
HXASCY

ASCHX)
FINAL
SAVE
HAIT

ASCHX1
DISP
DISP3
DRSULT
EXIT
HEX1
LDATAL
LDATAS
0DATAZ
ODATAS
PRADD
sSL

su

WR

COMPLETE, NO

ASSEMBLER, V4.0

E

£
E
£

E
D
D
D
E
D
A
A
D
Y
E
0
D
D

00EC
oODB

0000
0000
0000
0000

0000
0035
007E
0160
0000
00E9
0007
0009
0007
0027
0000
01FD
O01F7
021B

ERRORS

MOV A,C
STA OPINFO+5
Pae B
POP PSK
RET
LX1 B,’SU’
JMpP RET1
L.XI B,’SL’
JMP RET1
LXI B,’EU’
JMP RET1
LXI B,’EE’
JMp RET1
LXI B, /WY’
JMP RET1
LXI B, 7HL!
Jue RET1
LXI B, ’HR?
JMp RET1
LXI B, ’HO'’
JMP RET1
LXI B,?HC?
JMP RET1
END
DRSULT D 0160
OUTPUT D OOCF
CUTOFF E 0000
QPINFO E 0000
START1 E 0000
CUTOFF E 0000
DISP1 D 0048
DISF4 D 0097
EE D 0209
FINAL E 0000
HEXASC D O0DF
LDATA2 A 0007
LDATA6 A 0008
0DATA3 D OQOE
ODATA7 D CO2F
PROMT E 0000
START1 £ 0000
USRT E 0000
WU o 020F

SOURCE STATEMENT

QUTPUT

FNASC
XMIT

ERROR
PRADD
STOPFG

D1
DISP2
DF1
ERROR
FNASC
HO
L.DATA3
LDATA?Z
ODATA4
QP INFQ
RET)
3TOP
HAIT
XMIT

D

mmm

oDmoomMod>>oomoos

FAGE

01C1
OORBF

0000
0000
0000

01RA
00S5C
0137
0000
01C1
0221
0009
0006
0017
0000
01EC
013C
0000
00BF
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1518-11 ASSEMBLER SYMBOL CROSS REFERENCE, V2.1 PAGE 1 X
ASCHEX 13 71 93 109 .
ASCHX1 13 58
CUTOFF 1S 284 -
D1 302 331¢ v
DA a8 110% ;
DISP 11 443 *
N DISP1 S0 558 {
_ DIGF? 56 458
: DISP2A 46 718 ]
i DISP3 60 928 :
g DISP4 101 109¢ 125
¥ DP1 250¢ 270 i
f DPROGM 12 111 1994 H
; DRSULT 12 279% 3
£E 357 3834 ,
ERROR 15 ;
EU iss 381 - ;
EXIT 13 59 61 67 102
FINAL 14 294 312
FMASC 12 217 348¢ ]
HC 348 3938 '
HEX 1 176 179%
HEXASC 11 174¢ 210 241
HO 366 391¢
HXASC1 11 1708 207 238
LDATAI 308 299
LDATA2 314 333
LDATAZ 328 245 269
LDATA4 33% 287
LDATAS  34% 45
LDATAS 358 99 y
LDATAZ? 3¢ 248 .
; anaTAl  22¢ 298 ]
ODATA2  23% 332
ODATAZ 244 244 260
ODATA4 258 286 !
ODATAS 264 44 ,
ODATAG 278 98
ODATA7 288 267
OPINFO 14 57 92 208 211 239 242 247 263
: 265 289 301 33s 371 373
5 QUTPUT 1 12 44 100 1548 159 244 249 262
269 268 291 300 303 3134 337
! PRADD 14 49 59 83 94 116 119 205 306
' PROMT 16 75
2 RET1 3708 378 380 382 384 386 388 390 392
: 394
: SAVE 15 239 285 295 334 !
SL 353 379% l
5TARTY 15 122 126 |
sTOP 216 2584
STOPFG 16 120 222 259
sU 3st 377%
USRT 14 13% 139
HAIT 13 114
WL 349 387%
NR 363 3894

91
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I1S18-11 ASSEMBLER SYMBOL CROSS REFERENCE, V2.1 PAGE 2
t NU 359 3854 .
.. XMIT 11 65  133% 156 264 266 \
XMITL  135¢ 137 )
CROSS REFERENCE COMPLETE .
j
|
g
3
L
¥
!
{
92




ASMBO (F ] :PROGH.ASY XREF PAGEMIDTH(73)

ISIS-II 3080/8085 MALRO ASSEMBLER, V4.0 PROGK FAGE 1

LOC 0B LINE SOURCE STATEMENT
_ NAME  PROGH :
PROGRAMMER!  C.MORRIN

4 }VERSION 2.0
S JDATE OF LAST CHANGE: NOVEMBER 3, 1977
6 ;
T 50006060008 00 00662006 0636 30 06 0636 06 6 36 36 36 36 36 3 9 36 36 38 36 26 16 76 3 2 16 06 36 06 96 3
8
? CSEG !
10
11 PUBLIC PROGR/PRG11B
12 }PROGXX ADDRESSES ARE ALS0 ENTRY POINTS
13 EXTRN PRADD/QUTPUT  WAIT
14 EXTRN TRANSO
1S EXTRN STATE,EXIT,ERROR, QP INFQ
16 EXTRN START1DPROGM,GETFOT » XMIT ;
17 EXTRN ASCHEX s ASCHX1 »HEXASC /HXASC1 ,
18 4
19 7300367603 02 0 3036 26 06 36 3670 3636 06 30 36 36 36 34 36 T 36 36 36 36 6 6 36 3 36 36 36 6 36 0 96 36 36 36 9 0 ¢
20
21 JOUTPUT MESSAGE TABLE:
22 DSEG
23
0000 20%05247 24 OPRGL: DB ’ PRGM#aD=’
0004 4D2n4144
0008 3D ;
0009 20532C4S 25 OPRG2: DB ' S/EIHIHY T, Ok N?? .
000D 2CH72C48
0011 2C26542C
001% 204F5220
Q019 4E3F
Q01D 1044454} 26 DPRG3: DB ' DEADBMD:'! ]
Q01F AA424E44
00%% 3D
Q024 20444154 27 QPRG4: DB ' DATA=’
0028 413D
002 204FS045 28 OPRGS: DB ’ QPEN QR CLOSE??’
QOE 4E204F52
0032 20434CAF
0036 H3AS3F
0039 2053204F 29 OPRGS6: DB ’ U arR L?
003D 52204C3F
0041 204S4E44 30 OPRG7: DB ’ END OF PROGRAM?
0045 204F 4620 .
0047 S50524F47 !
004D $2414D :
Q0050 2053204F 31 OQPRG8: DB U OR E?? E
Q054 L220453F
32 '
0009 33 LPRG1 EQU 9 i
0012 34 LPRG2 (e ll] 18 .
0009 35 LPRG3 EQu 4
0006 36 LPRGA £QU 6
Q00F 37 LPRBS EDU 15
93




ISIS-II 8080/80833 MACRO ASSEMBLER, V4.0 PROGHW FAGE 2
LOC OBJ LINE SOURCE. STATEMENT
000G 38 LFRGS EQu 8
QOOF 39 LPRG?7 EQU 15
0008 40 LPRGS EQuU 8
41
A2 AN 020 T 60T T I 20 I I I 0266 6 6 U 6 36 9 36 36 096 36 30 0 36 30 96 W90 36 06
43
44 iPROGRAM ROUTINE:
45
46 iTHIS ROUTINE PROVIDES THE BULK QF THE HAND
47 CONTROLLER INTERFACE REQUIRED TO PROGRAM
48 iTHE PROGRAMMER.THE PROGRAMMER
49 JACCEPTS AND OPERATES ON ONE CHARACTER AT A
50 JTIME. A FINITE STATE STRUCTURE IS USED TQ
51 JDETERMIME THE INTERPRETION OF THE
52 JINCOMING DATA.
53
54 CSEG
55
S8 THLEF PP+ 4L+ + L4 E bbbttt Lt bbbt bbbt bbbt e+
%7 PPROGRAM MODE. REQUEST ADDRESS INFORMATION
0000 210000 D S8 PROGR: LXI H,OPRG1 ;’PROGRAM ADDRESS=’
Q003 OFK09 59 MVI C,LPRGY
0005 Cnoooo E 60 CALL QUTPUT
0008 210800 c 61 LXI H,PROG2
000B C30000 E 42 JMp EXIT
63
64
SRR IR R e S S S S PRI LRI L P PSSR L A AL S 2 T
66 iFROGRAM MODE, FIRST ADDRESS DIGIT
Q00E 320100 E 67 PROG2: §TA OPINFO+1 FADDRESS BYTE:, HIGH
0011 CDOOOO E 48 CALL ASCHX1
0014 320000 E 69 STaA PRADD
0017 211000 c 70 LXI H,PROG3 ICALL PROGI NEXT
001 30000 E 71 JMP EXIT
72
RS ET R R Y R e L e R S L S L TS
74 jPROGRAM MODE, SECOND ADDRESS DIGIT.
75 JREQUEST FU..CTION CHARACTER
oo1ln 320200 E 76 PROG3: STA QPINFO+2 JADDRESS BYTE, LOW
0020 CDOOOO E 2?7 CALL ASCHEX
0023 210000 E 78 LXI H,PRADD
V06 Bé 79 ORA M
0027 77 80 MOV MrA
81 ISTORE 2 HEX DIGITS IN PRADD
0028 01204E 82 LXI R/20000D
B3 iWAIT 1 SECOND = 2000 X 50 MICROSECONDS
0028 CDO00O E 84 caLL WAIT
BS
BO 4444+ 444ttt 4+ttt 44+ 444444444 E L b+
B7 i THIS 1S THE STARTING POINT AFTER A STEP HAS
88 JALREADY BEEN PROGRAMMED.
002E 210900 D 89 PROG3Y: LXI H,OFRG2
J031 0E12 ?0 MVI C,LPRG2 .
0033 CDOOOO E 91 CAL.L OQUTPUT 3’ SUSSLsE.W» T, OR N?!
0036 213C00 c P2 LXI H/PROG4 iCALL FROG4 NEXT
94
e S - SN i e A ANOT  ~ Se i o .




1S15-11 BOBO/BOBS MACRO ASSEMELER, V4,0 PROGK PAGE 3
LoC ORJ LINE SOURCE STATEMENT
2039 30000 E 93 JNP EXTT
P4

R R e R R o R TS A S S S S A e
96 iPROGRAM MODE, INFUT FIRST FUNCTION CHARACTER.
97 iSHOULDER GROUP, ELBOR GROUP, OR WRIST GROUP?
P8 7 (EXTEND IS PART OF ELBOW GROUP) .,

003C FEAE 99 PROG4: CPI "N
003E CAA700 C 100 Jz PROGAN
0041 FESA4 103 CP1 ' ,
0043 CA0000 E 102 Jz TRANSO i
0046 320400 E 103 sTA OPINFO+4 .
0049 FE48 104 CPI ’H?
004B CA6000 C 105 Jz PROG4H
004E FES3 106 CPI rgr
0050 CA7000 € 107 Jz PROG4AS
0053 FEA4S 108 CPI 'E?
0055 CABOOO C 109 Jz PROGAE
0058 FES7 110 CPI ey
005A CA9000 C 111 Jz PROGAN
00SD C30000 E 112 IMP ERROR
113
114 HAND OPEN = 1000 BINARY
115 JHAND CLOSE + 1001 BINARY
0060 CDO000 E 116 FROG4H: CALL XMIT
0063 212400 D 117 LXI H»OPRGS
0086 OEOF 118 MYI C/LPRGS
0048 D000 E 319 CALL OUTPUT 3’OPEN OR CLOSE?’
0068 3E08 120 MVI A8 .
208D C39M00 C 121 JMP END4
122
0070 CDOOOO E 123 PROG4S: CALL XMIT
0073 213900 D 124 LXI HsOPRG6
0076 OEOB 125 MVI C 1L.PRGS
0078 CDO000 E 126 cAaLL QUTPUT
007B 3E00 127 MVI Ar0
128 ;SHOULDER UP/DN = 000 BINARY
129 ;SHOULDER LF/RT = 001 BINARY
007D C39000 € 130 JMP END4
131
0080 CDO000 E 132 PROG4E: CALL XMIT
133 ;ELBOW UP/DN = 010 BINARY
134 JELBOW EXTEND = 011 BINARY
0083 215000 D 135 LXI r» OPRGS
0086 OEOB 136 MVI C/LPRGS
0088 CDOOOO E 137 caLL OUTPUT  }’UP/DOWN=U EXTEND=E '
0088 3E02 138 MVI A2
008D C39D00 C 139 JMP END4
140
0090 £DOO0O E 141 PROG4W: CALL XMIT .
142 FWRIST UP/DN = 100 BINARY
143 JWRIST LF/RT = 101 BINARY
0093 213900 D 144 LXT HsOFRG6
0096 OEOB 145 MVT C/LPRG6
0098 CDO000 E 146 CALL OUTPUT }’ UF/DOWN=U LEFT/RT=L’
009B 3E0A 147 MVT Ard

95




ISIS-II 3080/8085 MACRO
LOC  OBY L.INE
! Q0?R 240000 € 148
00RO 77 149
00Al 21BBO0 C 150
00R4 (30000 E 151
152

153

154

00A7 214300 D 155
00AA OEOF 156
O00AL CHOOOO E 157
00AF 011027 158
OOR2 LCDODOO & 159
O0RS 2A0000 £ 140
00PB 36FF 161
162

00BA C30000 E 163
164

165

166

00BDI 320500 E 167
00CO FESS 168
J0C2 CAEOCO C 169
QOCS 2A0000 £ 170
00C8 FEA45 171
Q0CA CAFEOO € 172
O0CD FE4C 173
Q0CF CADFOQ C 174
Q0NZ FEAF 175
00D4 CAOGO1 C 176
Q0D7 FE43 1.77
DOR? CAOS01 C 178
J0DE 30000 & 179
180

OO0DF 34 181
00EQ 210000 U 182
O00E3 0E09 183
00ES CLO000 E 184
Q0EB 210100 E 185
00EP 0OEOS 186
QOED CDO00O E 187
00F0 212400 D 188
00F3 0EO6 189
00FS CDI000 £ 190
191

192

QOFB 212601 C 193
Q0FR C30000 E 194
195

00FE 7E 196
00FF F603 197
0101 77 198
0102 L3E000 C 199
200

201

0105 34 202

L‘ — .

ASSEMBLER, V4.0

SOURCE S
END4: LHLD
MOy
LXI
JMp

JEND OF PROGRAM
IFLAG AT END OF
PROGAN: LXI
MVI
call
LXI
CALL
LHLD
MVI
iSET STOP FLAG
JMP

IR T TR R
1PROGRAM MODE,
PROGS: STaA

CFPI

JZ

LHLD

CPI

Jz

CP1

YA

CP1

Ny

CrPl

Jz

JMP

LEFT:
ue:

INR
LXI
MVI
CALL
LXI
MVI
CALL
LXI
MVI
CALL
DISPLAY NOW RE
’

LX1

N,
EXTEND: MOV
ORI
MOV
JMP
’AA

JQUTPUT FF?

CLOSE: INR

36

FROGW FAGE

TATEMENT

PRADD
Mrir
H.PROGS
EXIT

MODE. INSERT STOP
FROGRAM.
H,0OPRG?7
C/LPRG?7
ouTPUT
B,10000
WAIT
PRADD
M,OFFH
IN PROGRAM
START1

IWAIT .5 SEC

B L 2 S T T A T e e

SECOND FUNCTION CHARACTER
OPINFO+S
rye
up
PRADD
'E'
EXTEND
}L’

LEFT
IDI
OPEN
l\:l
CLOSE
ERROR

M

HIUOPRGL

C,LPRGL

QUTPUT !’ FPROG®AD=’
HyOPINFOL

C:S
OUTPUT
H,OPRG4
C:LPRG4
QuUTPUT
ADS

}OUTPUT ’AA FF?

i’ DATA=!
'PROG*AD=AA’
'FF DATA=’
H,PROGS

EXIT

ArM
3

M)A
up
r UPDATE STATE AND EXIT

CORRECT FUNCT

M
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ISIS-11 8080/8085 MACRO

Lac

0106
0107
0109
0104
010C
010D
01QF
0111
0114
o117
0114
011D
0120
0123

0124
0128
012B
012€
0131
0134

0135

0136
0139

013C
Q13F
0142
0145

0146
0147
0148
014B

014E

01351
0154
0135
01%7
015a
QLyC
015F
0161

gBJ

23
3400
23
3600
23
3400
JE30
320700
320800
320900
320A00
320C00
320000
C3EBOL

FE2A
CA4EQ1
320700
CDO000
2A0000
23

7?7

213C01
C30000

320800
CD0000
240000
23

B&
27
218501
£30000

CDo000o

2100000
7t
FEOO
CA7601
FEO1
CA7BO1
FEQ2
CAZRO01.

mmmo ommmmamm

mmem

LINE

203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224

225

226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257

ASSEMBLER, V4.0 PROGW PAGE S
SQURCE STATEMENT
OPEN: INX H
MVI M0
INX H
MVI M0
INX H
MVl M0
MV1 A0’
STA OPINFQ+7
STA OPINFQ+8
STA OPINFO+9
STA OPINFQ+10
STA OPINFQ+12
STA OPINFO+13
JMP PRG11A
INOTE: REG HL=(PRADD)+3 AS REQUIRED

R TR I Y T T T SRR W W AR PR G R T S AP er ey
iPROGRAM MODE, FIRST DATA DIGIT

PROGS6: CPI 5.4
JZ PROG6A 7AUTO DATA READ
sTA OPINFO+7 ;FIRST DATA BYTE, HIGH

CALL ASCHX1
LHLD PRADD

INX H
JREG HL HAS PROGRAM ADDRESS FOR FIRST DATA BYTE
Moy M:A
}STORE FIRST HALF OF FIRST DATA BYTE
LXI H,PROG7 JCALL PROG? NEXT
JMP EXIT

e o L o L T T
iPROGRAM MODE, SECOND DATA DIGIT
PROG7: STa OPINFO+8 ;FIRST DATA BYTE, LOKW
CALL ASCHEX
LHLD PRADD

INX H

}H = PROGRAM ADDRESS OF FIRST BYTE
ORA M JCOMBINE BOTH DATA HALVES
MOV M,A JSTORE FIRST DATA BYTE
LXI H,PROGS
JMP EXIT

R e L T T Y T TR T FE W Gy Sy AT e
FAUTOMATIC DATA READ
PROG6A: CALL GETPOT
fDATA WILL BE STORED IN PRADD+1,+2,0PINFO+8-11
INEED TO SET APPROPRIATE DEADBAND:

LHLD PRADD

MOV ArM JGET FUNCTION
CPI 0

J2 Xsu

CPI 1

JZ XSt

CPI 2

JZ XSsL JEU

o Nl es

PO




L.oc

0154
0166
01469
OLloB
01$E
0170
0173
0176
ot7e
QLY7B
0170
0180
o181
9182

0185
0188
018b
018E
018F
2190
017
0194

0197
Q1T
Q19N
2140
011
Q1A
01NA3

0114
0147
01a9
01AC
J1AF
01B}

01b4
oLB?
01BA
01BD
01BF
o1c2
01CS

oice

(4):N]

FEO3
£A2601
FEO4
CA74601
FEOS
CA7BRO1
£30000
3603
C37pot
3EOS
110300
19

77
£3EROL

320900
CD0000
240000
a3
23
77
219701
€30000

J20A00
£Doooo
200000
23
23
Bé
77

210000
OEQ09
€D0000
210100
QE0n
£noooo

011027
€Do000
211800
OEO09

€D0000
21C801
C30000

J20C00

mmm o Mmoo o o

m mm o mmm

mom om

ISIS-II 3080/8083 MACRO

LINE

258
259
260
261

262
263
264
265
2648
267
268
269
270
271
272
273
274
275
2764
2727
278
279
280
201

282
283
2684
aBS
286
287
288
289
290
293

292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312

ASSEMBLER, V4.0 PROGHW PAGE é

SOURCE STATEMENT
CPI 3
J2 X6 }EE
cel 4
JZ Xsu )
crl ]
JZ XsL Pt
Jnp START1L
X8y MVI A3
JMP XX
XSL 3 MVI ArSH
XX LxI D,3
DAD D iHL = (PRADD)+3
MoV MR {STORE DEADBAND
JMP PRGI1A
HE S O Y Y T T o T N T O W WA Ay A arre e

JPROGRAM MODE., THIRD DATA DIGIT
PROGB: STA
CALL ASCHX1
LHLD PRADD

INX H

INX H

MOV M)A

LX1 H,PROG?
Jup EXIT

R L e g ol 2 T T X AR F I WA S

}PROGRAM MODE, FOURTH DATA DIGIT

PROG?: STA
CALL ASCHEX
LHLD PRADD

INX H
INX H
ORA M
MOV M/A
FSTORE SECOND DATA BYTE IN PROGRAM
LXI H,OPRG1
MV1 CrLPRG1
CcaLL QUTPUT ¢’ PROG*AD=’
LXI HrOPINFO+1
MVI £r10
CALL QUTPUT ;’AA FF-DDDD’
iDISPLAY NOW READS ’PROGNAD=AA’
} 'FF-DDDD’
LXI Br10000
CALL WAIT }RAIT .5 SECOND
LXI H,OPRG3I
MVl C,LPRG3
CALL QUTPUT ’’DEADBAND=’
LX1 H,PROGLO
JMP EXIT

PR R A N N Y YT PO oY
}PRUGRAM MODE, FIRST DEADBAND DIGIT
OPINFO+12 }DEADBAND BYTE, HIGH

PROG10: STA

OPINFO+9 ;SECOND DATA BYTE, HIGH

OPINFO+10 /SECOND DATA BYTE, LOW

e M et it = ——t e 3y o =




ISIS-11 8080/8085 MACRN

LocC

oiCh
01CE
0101
01D4
0105

0106
o1D9?

01DdC
01DF
01E2
01LES
01EQ
01E9
01EA

01EB

01EE
DIEF

01F2
01F9
O1F8

O1FB
O1FE
0201

0204
0207
Q209
020€
020F
0211
0214
8217
021A

OBJ

CDO0OD
200000
110300
19
77

21pL0}
€30000

320000
CDo0oo
240000
110300
84
Bé
77

Cb0000

23
220000

3/0000
CDoo0o
320100

3A0000
£Do00o
320200

210000
0E09?

CD0000
210100
0E02

80000
011027
£Do000
C32E00

mmm

Om m mm ©o mmm Mmm

LINE

313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
J48
349
350
351
352
333
354
335
T )
357
358
339

350 -

341
362
363
364
365
366

ASSEMBLER, V4.0 PROGH PAGE 7

SOURCE STATEMENT
CALL ASCHX1
LHLD PRADD
LXI D,3
DAD D FHL = (PRADD) +3
MOV M,a
JSTORE FIRST HALF OF DEADBAND DATA IN PRADD
LXY H,PROG1L
JMP EXIT
T L T PR ST ST SN TP

PROGRAM MODE, SECOND DEADBAND DIGIT

PROGLL: STA CPINFO+13 ;DEADBAND BYTE, LOW
CALL ASCHEX
LHLD PRADD

LXI D3

DAD D fHL = (PRADD) +3
ORA M

MoV M,A

RIS R I R R e 2 e R S TR R
}DISPLAY COMPLETED PROGRAM STEP AND GET

JREADY TO PROGRAM ANOTHER.

INOTE: REG HL = (PRADD)+3 FOR ENTRY HERE
PRG11At CALL DPROGM

DISPLAY 1S NOW: ’'PROG*AD=AA’

i 'FF-DDDD-DR’

}UPDATE PRADD:

INX H FHL=(PRADD) +4
SHLD PRADD

R e A R e T T
FEXTERNAL ENTRY POINT (RETURN FROM TRANSFER)
}GET READY TO PROGRAM ANOTHER STEP:

PRG11B: LDA PRADD
CALL HXASC1
STA OPINFO+1

}STORE FIRST DIGIT OF ADDRESS
LDa PRADD
CAL.L HEXASC
ST QP INFO+2

}STORE 2ND DIGIT OF ADDRESS
LXI H,JPRG1
MVI CLPRGL
CALL OUTPUT ;’PROGRAM ADDRESS=’
LXI H,OPINFO+1
MVI C,2
caLL QUTPUT 3’44’

- - KXT B,10000 WAIT .5 SECOND

CALL —  HWAIT
JMP PROG3Y

FORU00006 0630 0000 0 3006 36 06 36-06.36 0636 06 96 08 36 36 36 36 06 36 36 06 06 06 06 3 36 36 06 06 6 06 0 06 06 30 3¢ 9 ¢ 96

END




ISIS-11 £080/8085 MACRO ASSEMBLER, V4.0 PROGH PAGE. 8

PUBLIC SYMBOLS
PRG11B C 01F2 PROGR C 0000

EXTERNAL SYMBOLS

ASCHEX E 0000 ASCHX). E 0000 DPROGM E 0000 ERROR E 0000

EXIT E 0000 GETPAT E 0000 HEXASC E 0000 HXASC1 E 0000 :
OPINFO E 0000 OUTPUT E 0000 PRADD E 0000 START1 E 0000 %
STATE E 0000 TRANSO E 0000 WAIT E 0000 XMIT E 0000 4
USER SYMBOLS

ASCHEX E 0000 ASCHX: E 0000 CLOSE C 0105 DPROGM E 0000

END4 € 009D ERROR E 0000 EXIT E 0000 EXTEND C OOFE

GETPQT E 0000 HEXASC E 0000 HXASC1 E 0000 LEFT C OODF j
LPRGL A& 0009 LPRG2 A 0012 LPRGI A 0009 LPRG4 A 0006

LPRGS A 000F LPRGS A 0008 LPRG7 A O00OF LPRGB A 0008 . ]
gPEN C 0106 OPINFQ E 0000 OPRGL D 0000 OPRG2 D 0009 ;
OPRG3 D 0012 OPRG4 D 0024 OPRGS D 0024 OPRG6 D 0039

OPRG7 D 0041 OPRG8 D 0050 QUTPUT E 0000 PRADD E 0000 ;
PRG11A C OIEB PRG11B C O1F2 PROG1O C 01C8B PROG11 C 01DC

PROG2 C 000E PROG3 C 001D PROG3IY C 002& PROG4 C 003C ;
PROGAE L 0080 PROG4H C 0060 PROGAN C 00A?7 PROG4S C 0070 ’
PROGAN C 00790 PROGS C 00BD PROGS C 0126 PROGSA C 014E 4
PROGZ? C 013C PROGB C 0185 PROG? C 0197 PROGR C 0000

STARTL E 0000 STATE E 0000 TRANSO E 0000 up C 00E0

WAIT £ 0000 XMIT E 0000 XSl C 017B XsuU C 0176 :
XX C 017D

ASSEMBLY COMPLETE. NG ERRORS {

g s

100




ISIS-II ASSEMBLER SYMBOL CROSS‘RéFERENCE'xU211

ASCHEX
ASCHX1
CLOSE
DPROGHM
END4
ERROR
EXIT

EXTEND
GETPOT
HEXASC
HXASC1
LEFY
LPRG1
LPRG2
LPRG3
LPRGA
LPRGS
LPRGS&
LPRG?
LPRGB
OPEN
OPINFO

OPRGL
aPRG2
OPRG3
GPRG4
OPRGS
OPRGS
aOPRG?
OPRGB
QuUTPUT

PRADD

PRGL1A
PRGI LA
PRAG19
PROGYY
PROG2
PROG3
PROG3Y
PROG4
PROGAE
PROGAH
PROGAN
PROGAS
PRAGAN
PRQOGS
PROGS
PROBSA
PROG?
PROGB
PRAG?
PROBR

17
17
178
14
121
13
15
308
172
16
17
17
174
338
344
354
368
37%
i8¢
Rid
A0%
176
15
213
324
24¢
20t
26%
27%
284
208
30¢
3%
13
187
13
277
216
11
307
319
&1
70
894
92
109
1.05
100
107
11
150
193
222
230
242
2081
11

77
68
2028
336
130
112
62
320
196
247
351
347
1B1&
59
90
305
189
118
125
126
136
203%
&7
214
348
38
89
304
188
i1?7
124
135
135
40
190
4
288
271
JA6%
312}
324%
674
76%
362
99%
132%
1168
1554
1234
141%
167%
221%
247%
2353
275%
2868
58%

236
224

139
179
73

183

74
213
352
182

144

1
296

78
314
336%

287
276

148¢
93

295

103
223
357
294

119
299
148
326

101l

325
313

151

35S

147
23S

354

126
306
1460
341

194

185
275

137
356
170
346

234

210
286

146
359
225
350

243

211
297

157

282

184

FAGE

1




1815-11 ASSEMBLER SYMBOL CROSS REFERENCE, V2.% PAGE 2

3 PROGN 1
STAKT! 16 163 264 »
STATE 15 \
TRANSO 14 102
uP 169 182¢ 199
NAIT 13 84 159 303 361
XMIT 16 116 123 132 141 )
XS1. 5% 257 263 267% 3
xsu 253 259 261 2658 p
XX 246 2468% 3

CROSS REFERENCE COMPLETE

O ST ST
—— s —




ASMBO :F L:RDPOTH.ASY XREF PAGENIDTH(72) PRINTC:LP®)

IRIC--I1 BOBO/BABYL MAZRO ASSEMBLER, V4.0 RDFOTH PAGE 1
L | LOC  OBJ LINE S0URCE STATEMENT . I
§ | 1 MAME RDPOTH :
f 2
i 3 }PROGRAMMER: ©C. MORRIN
‘ 4 JVERSION 1.0KW )
f % JDATE OF LLAST CHANBE: OCTOBER 25, 19727 :
] & /
| T3 H B2 I 2 2 2 06 3 N 26 I 262 2 2 26306 36 6 6 96 06 36 26 06 06 06 96 36 26 00 9 6 2 ¢ :
B 4
| 9 CTEG i
10 i
}: 11 PUBLIC RDPOT
: 12 EXTRN STARTL1,ERROR,EXIT,PATFLG ﬂ
¢ 13 EXTRN DISPOY, 0UTHUY :
: ih x
F65 5 000020 0000 30 2600 0636 20 36 20 00 30 26 30 N 36 36 36 98 26 96 96 26 26 36 36 96 36 26 96 96 6 06 20 96 36 38 36 36 3 3 98
16 ;
L . 17 NSES r
¢ 18 !
QOO0 20412053 19 073 DB P NSE OR W2 !
0004 2CAS20AF !
Q008 H220L7IF .
) QQ0C 20412CSS 20 OT2: DB ' AU OR L?/
. Q010 204F5220
0014 4C3F
23
000C 22 LT EQU 12
2004 a3 Ly2 EDU 10
4
1 DEJ U I A2 2 2 00 I 26 2 26 3 266 06 36 36 2626 36 0 20 2 26 36 26 20 06 26 26 36 6 36 I 36 06 6 26 2 26 36 2 36 96 2%
26
Q7 CSEG
28
29 JHAND CONTROLLER INTERFACE:
30

31 FREAD POTENTIOMETER MODE, WHICH ONE?
32 inLl, SHOULDER GROUP, ELBOW GROUP,
33 ¢} OR WRIST GROUP?

= 0000 210000 D 34 RDPOT: LXI H,OTL
. 0003 OEOC 35 MUl CL7
0005 CDO000 E 36 cAaLL QUTPUT }! SELECT: A/S/E/W’
0008 2310EQ0 c 37 LXT H»INPT40O
000k C30000 E g8 JMP EXIT
39

EL I R L L R R X P A A T T2 X XX Y PR e
41 ‘READ POTENTIOMETER MODE, GROUP?
’

000€E FE4L 42 INPT40: CPI ;)
0010 CAZS00 C 43 J2 RALL
0013 FES3 44 CPI ¢-M

: Q015 LA4A00 C 45 JZ RSHLDR

: 0018 FEAS 46 Ccrl e’

: 2014 LALBOO c 47 J2 RELBOW
001D FES? 48 CPI W’
001F CAKL00 C 49 N7 RHRIST

y 0022 C30000 E S50 JMP ERROR

103




IS1S-11 8080/B0BS MACRO

Lac

9025
0028
2028
0020
2030
0032
035
0037
0034
003C
003F
0041

Q044
0047

0044
Q04D
004F
0052
0043

0058
305B
Q0SE
20690
0063

0066
0067
0068
004E
0071

0074
0076
007%
0079
007€

0081
0084

oBJ

2312500
220000
3E00
€D0000
3E01
£D0000
JEOQ
CDO000
3EO04
CD0000
JEOY
€D0000

217400
30000

210C00
0EOA

€DO000
218500
C30000

215800
220000
3E02

£DO00O
C34400

210C00
QEONA

CDO000
21C600
C30000

FESS
CABJ 00
FES3
CA0000
C30000

210000
E9

m m m m m MO

moOom o mo

mom © om mo

mm

LINE

51
52
53
54
35
36
57
S8
59
60
61
82
63
64
65
46
&7
é8
69
70
71
72
73
74
75
76
77
78
29
80
81
a2
83
34
85
86
87
88
09
90
91
2
93
?4
93
?6
97
98
99
100
101
102
103
104
105

ASSEMBLER, V4.0 RDPOTR PAGE 2

SOURCE STATEMENT

F"ALL" SELECTED, READ ALL FOTS:

RALL: LXI MRALL
SHLD POTFLG
MUI A0
CAatLL DISPOT JSU = 0O
MV Arl
CALL DISPOT JSL = 1
MVI A2
caLL DISPOT JEU = 2
MVI Ar4
CALL DISPOT WU = 4
NI ArS
CALL DISPOT WL = S
iTHIS IS THE "END QF READ POT"” RETURN.

END40: LXI H)INPT4L
JMP EXIT
7 "SHOULDER” SELECTED, WHICH PQT?
RSHLDR: LXI H,072
MVI c/LT2
CALL OUTPUT 3’ SELECT: A/U/L!
LXI H, INPTA2
JMp EXIT
} “ELBOW" SELECTED, READ ELBOW POT:
RELBOW: LXI H,RELBON
SHLD POTFLG
MVI Ar2
Cal.L DISPOT EU = 2
N i END4O
F"NRIST” SELECTED, WHICH POT?
RNRIST: LXI H,OT2
MVI CLT2
CALL QUTPUT 3’ SELECT A/ursL’
LXI Hs INPTAZ
JHP EXIT
S e aa s s 2 LT L s T ey

JREAD POTENTIOMETER MODE, UPDATE READING

OR B0 BACK TO START? (U OR S7
INPT41: CPI ry’

JZ UPDATE

CPI 's’

JZ START1L

JMP ERROR

IREAD POT AGAIN, POTFLG IS ADDRESS OF
}APPROPRIATE ROUTINE.
UPDATE: LHLD POTFLG

PCHL.

IESZT TR SIS LTSS TS LSS IR L AT SRS S SR S S 24

lo4




ISIS-IT 3080/8085 MACRU

i.0c

0085
0087
c08A
008C
Q0BF
0o?1
Q04

0097
Q029
00%1
QOPF
oca2
00A4
ocn?

00RA
0CAD
o0Ro
00Rp2
00BS

Q0BG
O0BB
Q0BE
O0CO
00C3

00Cé
Qoce
QOCH
00CD
a0Nno
00D2
oons

o0Dgs
QOB
Q0DE
00k Q
00E3
Q0L
00EQ

Q0ER
O0EE

(1)

FE4)
CA?700
FESS
CAAAQQ
FE4C
CABBOO
C3I0000

219700
220000
JE00

LDoOooo
3E01

CDOJQD
C34400

218400
220000
300

CD0000
£34400

21E800
220000
JEO1

Do00o
€34400

FE41
CADBOO
FEJS
CAEBOO
FEAC
CAF?00
£30000

210800
220000
JEO4

£poodo
JEO0S

£Do000
£34400

21EB00
220000

moOo O O

m MG

aom

ocm mo

moO

ma O O

mo

LINE

106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
12
122
123
124
125
126
122
128
129
130
133
132
133
134
135
136
137
138
139
140
14)
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160

ASSEMBLER,

V4.0

SOURCE STATEMENT
FREAD SHOULDER FPOTENTIOMETER,

RDPOTH

FAGE

WHICH ONE?

isU = 0
gl = ¢
iSU = 0

ISt = 1

INPT42: CPI1 ‘e’
JZ RSA
CP1 ry’
JZ RSU
CP1 2L’
JZ RSL
JMP ERROR
}READ ALL SHOULDER POTS
RSA? LXI H,RSA
SHLD POTFLG
MVI A0
CALL DISPOT
MVI arl
CALL DISPOT
JMP END4O
JREAD SHOQULDER UP POT
REU: LX1 H,REU
SHLD POTFLG
MVI 2,0
caLL RISPOT
N END4O
FREAD SHOULDER LEFT/RIGHT POT
RSL: LXI HsRSL
SHLD POTFLG
MVI Al
CALL DISFOT
JMp END4O

g R N L X T R R e S 2 2 £ T TR A

WHICH ONE?

PHU = 4
WL = 5

IREAD WRIST POTENTIOMETER,
INPT43: CPI e’

JZ RHA

CP1 ry?

JZ RWU

CPI .

JZ RHL

JMP ERROR
fREAD AlLL HWRIST POTS:
RWA: LXI H/RWA

SHL.D POTFLG

MVI Ar4

Cat.L DISPOT

MVI ArS

CAaLL DISPOT

JMp END4O
JREAD WRIST UP/00OWN FPOT:
RRY): LX1 H>RHU

SHLD POTFLG

105
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ISIS-11 8080/808% MACRO ASSEMBLER, V4.0

LOC OBJ

Q0K 3604
Q0F3 CDO000
O0F ¢ C34400

00F9? 21F900
QOFC 220000
Q0FF 3JEO0S

0101 CDOCOO
0104 C34400

PUBLIC SYMBOLS

RDFOT C 0000

om

om mo

EXTERMNAL. SYMBOLS

DISPOT E 0000
POTFL.G E 0000

USER SYMBOLS

DISPOT E 0000
INPT40 C 00CE
LTY A 000C
QUTPUT E 0000
RELBOHW C 0058
RSU C 00AA
RRU C OCEB

ASSEMBLY COMPLETE.,

RDP

WU

PHL

LINE SOURCE STATEMENT
16} MVI Ars
162 CALL DISPOT
163 JMP END4O
164
165 FREAD WRIST LEFT/RIGHT POT:
166 RHWL: LXI HsRRL
167 SHLD POTFLG
148 MVI A3
169 CALL DISPOT
170 JMP END4O
173§
172 END
ERROR E 0000 EXIT E 0000
START1 E 0000
END4O C 0044 ERROR E 0000
INPT41 C 0074 INPT42 C 0085
LT2 A 000A 0TL D 0000
POTFLG E 0000 RALL C 0025
RSA C 0097 RSHLDR C 0044
RKHA ¢ ooD8 RWL C 00F9
STARTY E 0000 UPDATE C 0081
NO ERRORS

oTK PAGE

"
p-3

QUTPUT E

EXIT E
INPT43 C
aT2 D
RDPOT C
RSL c
RNRIST C

0000

0000
00Cé
000C
0000
00B8
0066




ISIS-11

DISFOT

END40O
ERROR
EXIT
INPTAO
INFTAL
INPTA2
INPTAZ
LT
LT2
aTd
aTt2
ouTPUT
FOTFLG

RALL
RIPOT
ROFOTN
RELBOW
RSA
RSHLDR
RSL
RS
RWA
RHL.
RHRIST
RKHU
STARTL
UPDATE

ASGSEMBLER

13
128
a7s
12
12
37
87
74
as
22%
23%
19%
20%
13
12
167
43
11
1
47
108
45
112
110
142
146
49
144
12
Y

56
135
82
50
33
42%
P4k
107%
141%
35
72
34
71
3é
S4

33%
348

78¢
116%
&
132%
125%
1504%
1468
85%
159%
?7
102%

S8
153
122

o8

68

86

83
73
79

93

78
116

132
125
150
164

159

CROSS REFERENCE COMPLETE

60
155
129
113

75

87
102

SYMBOL. CROSS REFERENCE .

42
162
136
147

8?

117

vl.s

b4
169
136

81
183

133

119
170

1351

160




s S AL e

ASMBO F1IRELAYN.ASY XREF PAGENIDTH(72) PRINT(:LP®)
1815-11 8080/8085 MACRD ASSEMBLER: V4.0 RELAYW  PAGE 1.
LoC 0BJ LINE SOURCE STATEMENT
1 NAME RELAYKW
2
3 }PROGRAMMER: C.MORRIN
4 JVERSION 1.OW
5 JDATE OF LAST CHANGE: NOVEMBER 3, 1977
6
TP 2 06 0 5 0 36 330 3 36 36 3k 6 3 36 6 36 36 3 36 36 36 3 b 36 3 - 36 3 96 26 36 26 36 36 2 3 36 Ak 36 3% 3% 3¢ %
8
9 ;THESE ROUTINES START AND STOP THE RELAYS. i
10 ;THE RSTART ENTRY POINT STARTS THE RELAY
11 SINDICATED BY PRADD AND DIRFLG. i
12 ;(THE FUNCTION TO BE OPERATED IS ENCODED IN BITS i
13 3 0,1,2 OF THE BYTE WHICH PRADD POINTS TO0.) 14
14 7 (DIRFLG INDICATES WHICH OF THE TWO RELAYS USED ;
15 ;BY THAT FUNCTION IS TO BE TURMED ON.) !
16 i
17 JRSTOP STOPS THE RELAY. )
18
$.9 ) 22030 6 3 26 6 3 36 36 2 36 36 26 36 26 6 30 36 26 16 3 2 96 36 36 2 26 3 36 3 26 30 36 06 2 36 3 26 2 26 2 36 34 36 2% ¢
20
21 CSEG
22
23 PUBLIC RSTART,RSTOP
24 EXTRN RELAY1,PRADD,DIRFLG,ERROR,WAIT
285 Ly
D& 7AW V6 T I6 06 263600 2626 3 3 3 DU 260U IE DU 2 6 M 666 0
av
0000 ES 28 RSTART! PUSH H
0001 CS 29 PUSH B
0002 200000 E 30 LHLD PRADD
000% 7E k) MOV ArM }GET FUNCTION
0006 E&OF 32 ANI OFH
0008 CA3B00 C 33 Jz SHLDUP
000B FEO1 34 CPI 1
000D CAa4100 C 35 Jz SHLDLR
0010 FEO2 36 CPI 2
0012 CA4700 C 37 Jz ELBORU
0015 FEO3 38 CPI 3
0017 CA4D0O0 C 29 Jz EXTND
001A FEOA 40 CPI 4
001C CAS300 C 41 JZ NRISTU
001F FEOS 42 cPI s
0021 CASC00 € 43 J2 WRISTL
0024 FEO06 44 cPI é
0026 CAS%00 C 45 JZ WRISTR
0029 FEO8 A4 cPl 8
002B CA6BOO C 47 JZ HANDOP
002€ FEO? 48 cPI 9
0030 CA7100 C 49 Jz HANDCL.
0033 FEOE 50 cPI OEH ;
0035 CA7700 C 591 JZ XTEND .
0038 C30000 E 52 JMP ERROR 3
53 HE
003B 010100 %4 SHLDUP: LXI Brt

108




1515-11

Loc

QQ3E
0041
Q044
0047
Q04A
0040
Q050
0033
Q0Ls
0095%?
QQEC
Q0SF
Q062
0054
Q067
0068
Q06B
Q06E
007}
0074
Q077
00707

Q07D
00890
0082

0085
0QBo
0087
2086
V08E
J08E
0091
0092
0093
0096
00?7
oo9e

0099
9098
009%L

PUBLIC
RETART

2QL0/8085 MACRO

QBJ

£32000
010102
C3I7noo
010200
C37100
010300
£377n00
010104
£35700
C30000
010100
3AQ000
E&FF
C28600
04
C384800
010202
C38600
0102032
C38600
010300
C38s00

30000
E&FF
CAB&00

04
78
320100
CoS
011007
CDoooo
C1
79
320200
i}
El
ce

3E00
320200
o

S''MBUOLS
€ 2000

m mo (] [ T B |

m O O a O O

[y

EXTERNAL SYMBOLS

LIRFL.G
WAIT

£ 0000
E 0000

LINE
559
Sé
57
S8
59
60
61
62
63
64
69
66
67
68
69
70
71
72
73
74
75
76
7?7
7’8
79
80
81
82
83
84
as
86
87
88
89
?0
21
?2
23
?4
95
?6
97
78
99

100
101

RSTOP

ERROR

ASSEMBLER, V4.0

RELATHW PAGE 2

SOURCE STATEMENT

JMP
SHLDLR: LXI
JMP
ELBOWU: LXI
JMp
EXTND: LXI
JMP
WNRISTU: LXI
JMP
WRISTR: JUMP
WRISTL: LXI
R2: LDA
ANI
JNZ
INR
JMP
HANDOP ¢ LXI
JMP
HANDCL ¢ LXI
JmMe
XTEND: LX1
JMP

RELYGO: LDA
AN1
Jz
+CHANGE FROM UP
INR
Ri: MOV
STA
PUSH
LXI
CALL
POP
MOV
STa
POP
POP
RET

RELYGO
Br201H
RELYGO
B2
RELYGO
B,3
RELYGO
Br401H
R2
ERROR
B,601H
DIRFLG
OFFH ISET ZERO FLAG
R1

B

R1
B,202H

DIRFLG

OFFH JSET ZERO FLAG
R1

(LEFTY TO DOWN (RIGHT):
B

AB

RELAY1+1 FSELECT FUNCTION
B

B,2000

NAIT IRAIT .1 SEC

B

4,C

RELAY1+2 /START RELAY(S)
B

H

3 IE 30300 3030 36 30 20 20 30 38 36 20 26 30 2 20 30 3 b 36 36 26 96 36 26 3 9636 96 36 2636 26 36 26 96 96 06 96 96 06 36 96 96 %

REYOP: MVI
STA
RET

END

C 0099

€ 0000 PRADD

109

A0
RELAY1+2

£ 0000 RELAY1 E 0000

PRSI PR

o i A




ISIS-11 8080/808% MACRO

USER SYMBOLS

DIRFLG E 0000
HANDCL € 0071
R2 € 005F
RSTOP C 0099
HRISTL C 00SC

ELBOWY
HANDOP
RELAY}
SHLDLR
WRISTR

ASSEMBLY COMPLETE, NO

e L

ASSEMBLER, V4.0

€ 0047
€ 0068
E 0000
€ 0041
C 0059

ERRORS

110

ERROR E 0000
PRADD E 0000
RELYGO C 007D
SHLDUP C 0038
WRISTU C 0053

RELAYW PAGE

EXTND C 004n
R1 € 008,
RSTART € 0000
HAIT £ 0000
XTEND C 0077

——— e e e e =




o e —— e ——

CROSS REFERENCE COMPLETE

1515-11 ASSEMRLER SYMBOL CR0SS REFERENCE, V2.3 PAGE 1
DIRFLG 24 66 78
ELBONY 27 588 .
ERROR 24 52 64 \
EXTND 29 60~ |
HANDCL 49 73% !
AANDOP 47 71% ,
PRADD 24 30 -
R1 48 70 72 74 76 80 BIs !
R2 §3 669 ’,
RELAY! 24 84 90 98
RELAYN 1 |
RELYGO S5 57 59 61 784 :
RSTART 23 284 '
RSTOP 23 97% .
SHLDLR 35 S6¥ !
SHLDUP 33 549 i
WNAIT 24 87 i
HRISTL 43 659 ‘-
NRISTR 45 644 ji
WRISTU 41 628 g
XTEND 51 754 I

4

]

f

MY

111

e 5k e o g Pm AR =
3 L4 s AN




ASMBO :F1:TRANE.ASY AREF PAGEWIDTH(72)

ISIS-II 3080/8085 MACRO ASSEMBLER: V4.0 TRANS PAGE 1
LOC  0BJ LINE SOURCE STATEMEMT
[
1 NAME TRANS -
2 F
3 IPROGRAMMER: C.MORRIN .
4 3VERSION 2.0 ;
S ;DATE OF LAST CHANGE: NOVEMBER 4, 1977 -
6
T N0 00000000 0000 0000 00 00 00 00 30 08 3008 06 00 06 00 00 3% 06 08 30 36 3 06 00 00 0 36 06 0 3 36 0 0% 3636 06 3 ]
8
9 CSES
10
11 PUBLIC TRANSO
12 EXTRN  OUTPUT»PRADD,TAD,» DPROGM
13 EXTRN  ASCHEX,ASCHX1/EXIT,PRG11B
14 EXTRN  XMIT,PROMT,STOFFG $
15 :
36 5 V00001000 30 00 20 3 3005 06 30 30 08 00 08 06 08 08 0 36 30 08 30 36 3 36 36 98 0 0006 38 96 36 06 38 96 96 96 35 38 3¢ 3% 3%
17
18 ;OUTPUT MESSAGE TABLE: _
19 0SEG
20 ;
0000 20235354 21 OTRAN1: DB ' §STEPS=’ ¥
0004 4550533D
0008 20545241 22 OTRAN2: DB * TRANSFER FROM *
000C 4ES53464%
0010 52204652
0014 4F4D20
23
0008 24 LTRAN1 EQU 8
000F 25 LTRAN2 EQU 15 .
26
27 FAMN 00000000000 000 00 30 0000 3030 30 300 30 06 3690 00 00 08 06 00 00 06 0036 00 20 06 30 3 06 30 06 06 3 36 30 )
28 :
29 JPROGRAM TRANSFER ROUTINE (CALLED BY PROGRM) b
30 i
31 JPROGRAM TRANSFER MODE!: i
0017 3EF} 32 TRANSO! MVI A,OF 1H !
0019 320100 E 33 STA TAD+1 !
001C 210800 D 34 LXI H»OTRAN2 i
001F OEOF 35 MvI C/LTRAN2 g
0021 CDOOOO E 36 cal.L OUTPUT 3’ TRANSFER FROM °’
0024 212000 D 37 LXI Hs TRANS1
0027 C30000 E 38 JMP EXIT
39

L g g g L S et TS L S R T i
41 JPROGRAM TRANSFER MODE: FIRST ADDRESS DIGIT

0024 FE2A 42 TRANS1: CP1 .34
002C CA3BOO D 43 JZ TRANS2
Q02F CDO00O E 44 CAaLL ASCHX1
0032 320000 E 4S sTA TAD
0035 214400 D 46 LX1 H,» TRANS3
0038 C30000 E 47 JMP EXIT

48

L ARSI STL LSS R R A T A TR T T LY A
30 JPROGRAM TRANSFER MODE, HARDWIRED MEMORY

112




vona®

e -

— e~

ISIS-II 8080/8085 MACRO ASSEMBLER: V4.0 TRANS PAGE 2

-

Lac  opJd LINE SOURCE STATEMENT v

0038 CDOO0O E  S1 TRANS2: CALL  XMIT 3Crwe) *
003E 218400 D 52 LXI H»TRANSS ;
0041 C30000 €  S3 JMP EXIT

54

ST FHEEEE Lt F PPt b P EE R P E P L bbb bbb bbbt
%6 ;PROGRAM TRANSFER MODE, 2ND ADDRESS DIGIT

)

0044 CDOO00 E 57 TRANS3: CALL ASCHEX
0047 210000 E 58 LXI HsTAD
0047 Bé6 59 ORA M
004B 77 40 MOV Msa :
004C 210000 D 61 T3: LXI Hs0TRANL !
004F OE08 62 MVI C,L.TRAN f
0051 CDOOOO E 63 CALL OUTPUT 1}’ #STEPSs’ i
0054 215000 D 64 LXI HsTRANS 4
0057 C30000 E 65 Jnp EXIT :
b6 '
67 IEIIIIIII TR AR TS PSS L AR R R A A A A L Y e f
48 }PROGRAM TRANSFER MODE, # OF STEPS é
005~ CDO000 E 69 TRANS41 CALL ASCHEX i
005D 4F 70 MOV CsA .
00SE 210000 E 71 LHLD TAD ]
0041 EB 72 XCHG [
0062 200000 E 73 LHLD PRADD :
74 ;READY TO TRANSFER PROGRAM: |
0065 0604 75 TRAN2: MVI B4 L
0067 1A 76 TRANY: LDAX D "
0068 77 rard MOV M,A
0069 13 78 INX D ¥
006A 23 79 INX H ;
0068 05 80 DCR B 1
004C C26700 D 81 INZ TRAN1 ;
006F CDOOOO E 82 CALL DPROGM i
0072 3A0000 E 83 LDA STOPFG :
0075 E&4FF 84 ANI OFFH JSET ZERO FLAG
0077 ©20000 E 85 JINZ PRG11B y
86 JRETURN IF LAST STEP WAS A “STOP" FLAG i
007A 220000 E a7 SHLD PRADD ‘
007D 0D 88 DCR » 1
¢ | 007E C26%500 D 89 JINZ TRAN2 ;
{ 0081 C30000 E 90 JMP PRG11B ,
i 91 !

AP S AS ST PR AT EL TSI ST IS ISR LR LT RS LR LT L LY L

+
93 JHARDWIRED MEMORY, 2ND ADDRESS DIGIT:
0084 CDOO0O E 94 TRANSS: CALL ASCHEX

o087 07 Y RLC M
0088 SF ?6 MOV EsR
0089 1400 97 MVI B,0
008F 210000 E 98 LXI H/PROMT
Q08E 19 99 DAD D
100 }(REG H) = POINTER TO HARDWIRED PROGRAM
i 008F 7E 101 MoV ArM
‘ 0070 320000 E 102 §TA TAD
’ 0093 23 103 INX H

0094 7E 104 MOV A

113
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1S15-11 BOBO/BOBY MACRN ASSEMBLER» V4.0 TRANS  PAGE 3 _,
i

LOC 0BJ LINE SOURCE STATEMENT N
0095 320100 E 105 sta TAD+1 :
0098 C34C00 D 106 NP 3 !
107 ,

108 END ,

5

PUBLIC SYMBOLS
TRANSO D 0017

EXTERNAL. SYMBOLS
ASCHEX E 0000 ASCHX1 E 0000 DPROGN € 0000 EXIT E 0000 1
OUTPUT E 0000 PRADD E 0000 PRG11B E 0000 PROMT E 0000 .
STOPFG E 0000 TAD E 0000 XMIT E 0000

USER SYMBOLS
ASCHEX E 0000 ASCHX1 E 0000 DPROGM
LTRANL A 0008 LTRAN2 A O0OF OTRANL D 0000 OTRAN2 D 0008
QUTPUT E 0000 PRADD E 0000 PRG11B E 0000 PROMT E 0000
D
D
B

E 0000 EXIT E 0000
;
STOPFG E 0000 T3 004C TAD E 0000 TRANL D 0067
D
D

e,

TRAN2 D 0063 TRANSO D 0017 TRANS1 0024 TRANS2 D 003B

TRANS3 D 0044 TRANS4 D 00S5A TRANSS D 0084 XNIT E 0000 i

ASSEMBLY COMPLETE. NO ERRORS

SORP 0PN

B et R e T s




ASCHEX
ASCHX1
: DPROGM
: EXIT
LTRAN1
LTRANZ
OTRANL
OTRAN2
auTPUT
; PRADD
! PRG11B
o PROMT

e STOPFG
: T3

f TAD

1 - TRAN1
TRAN2
TRANS
TRANSO
TRANS1
TRANS2
TRANS3
TRANS &
TRANSS
XMIT

13
13
12
13
248
25¢%
21%
22%
12
12
13
14
14
614
12
768
75¢
1
11
37
43
44
64
52
14

57
44
82
a8
62
a5
b1
34
36
73
85
98
83

106

33
a1
B89

32%
42%
91%
37%
49%
P44
91

ISIS~-II ASSEMBLER SYMBOL CROSS REFERENCE,

49

47

63
87
90

CRASS REFERENCE COMPLETE
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APPENDIX C: MNODEL OF MANIPULATOR PROGRAMMER ACCURACY

REQUIRED ACCURACY

Level 1: Overall system accuracy is assumed to be a circle with diameter
0.5 inch.

Level 2: The system is divided into five functions, each of which has
the same accuracy expressed in percent. The contribution of each function to
the overall system accuracy is proportional to the distance between the
function's sensor and the work area. The five functions are shoulder up/down
(SU), shoulder left/right (SL), elbow up/down (EU), wrist up/down (WU), and

. wrist left/right (WL).

Assume that the distance between the sensor and the work area is fixed as
follows:

Shoulder to work area = 6 feet
Elbow to work area = 4 feet
Wrist t© work area = 2 feet

Case 2A

Assume that the errors are Gaussian and independent. Then the variance
of the system error equals the sum of the variance of the subsystem errors.

system error = [(SU error)z + (8L cmnrox')2 + (B0 error)2 + (WU error:)2

+ (WL .rror)zl 1/2 .

8U error = (6 feet) (2w) (270¢/360°) X channel accuracy
O feet X channel accuracy
= 2B8.2 feet X channel accuracy

Similarly,

SL error = 28.2 feet X channel accuracy
BU error = 16.7 feet X channel accuracy
WU error = 8.4 feet X channel accuracy
WL error = 8.4 feet X channel accuracy

Hence system error = 0.5 inch = 600 inches X channel accuracy. Therefore,
channel accuracy = 1 part per 1200 = 800 ppm. Channel accuracy includes both
data acquisition errors and hydraulic system consistency.

Case 2B

Assume that the errors are dspendent. For example, the temperature-
related errors will probably changs as a group.




system error = [(SU error + EU error + WU error)2 + (SL error

+ WL error)z] 1/2.

Since movements in the same direction are correlated (possibly canceling under
same circumstances), orthogonal movements will follow the Pythagorean theorem.

system error = 0.5 inch = 710 inches X channel accuracy. '
| Hence channel accuracy = 1 part per 1420 parts = 700 ppm. Note that the

difference between independent and dependent errors is small. Channel i,v
accuracy must be between 700 and 800 ppm.

PRELIMINARY ACCURACY ANALYSIS PREDICTED ON THE BASIS OF THE DESIGN )
The data acquisition system has four major components: !

Sensor (potentiometer)

Multiplexer :
Precision voltage reference f‘
Analog-to-digital converter L

Potentiometers { ;

The potentiometers are used as voltage dividers. The output of the !
} potentiometers is connected to a 100-MQ buffer amplifier; hence the current |
flowing through the potentiometers is constant. :

The potentiometer should not be sensitive to temperature fluctuations,
gsince any resistance change should be self-cancelling. But a potential ‘ i

problem with the potenticmeters is a flat spot — where the resistance does not 1
change. It is hoped that the solution to this problem is to use conductive
plastic potentiometers and an extremely high resolution A/D converter; if we {
can measure the potentiometer voltage with much higher resolution than the i
naminal requirement, then it may be possible to divide the flat spots into |
distinguishable points.

Multiplexer Subsystem

The multiplexer includes two levels of MOS switches and two levels of
instrumentation amplifier buffering. The switches have an impedance of 1 kQ.
The large changes in this impedance will be rendered insignificant by the
100-MQ input resistance of the instrumentation amplifiers. The leakage
currents in the switches will not impact the accuracy.

The instrumentation amplifiers have an input and output offset, which
will not impact accuracy as long as it is constant. The input offset tempera- ‘
ture coefficient is 10 uv/°C, and the output offget temperature coefficient is
15 uv/°*C. Since the signal is 20 V, the total offset temperature coefficient
is 1.25 ppm/°C. A specification for drift was not available. The noise
figure is 20 pV, or 1 ppm. The power supply provides 0.15% regulation, and
the amplifier reduces this to 2.5 mV of noise per volt of ripple. Since the




power requirement is 30 V, the ripple noise is 100 yv, or 5 ppm, for the 20-V
signal.

Voltage Reference Subsystem

The voltage reference subsystem contains two voltage references (+10.000
and -10.000 V) and two current amplifiers. (The latter were required for the
linkage manipulator pots and could be removed for the WSP pots.)

The voltage references have a temperature coefficient of 5 ppm and a
drift of 50 ppm per year. Other specs include a noise figure of 5 ppm and a

power-supply ripple of 4.5 ppm.

The current amplifier specs have not been calculated, since the com-
ponents used are inexpensive and contain few specs. The current amplifiers
are ot required and will be removed if they are suspect.

Analog-to~Digital Converter Subsystem

The A/D converter has a temperature coefficient of 2.5 ppm/°C and a
quantization noise figure of 16 ppm.

Summary of Noise Sources

Noise Error, Temp Error, Drift Erxrror,
PP ppm ppm/year
Voltage ref
Temp coef 200 (20°)
Drift 100 (max)
Noise 10
Power supply 9
Multiplexer
Temp coef 50 (20°)
Power supply 10
Noise 2
A/D converter
Temp coef 50 (20°¢)
Quantization 16
Total 21 300¢* 100

* Square root of sum of squares, since sources are independent.
*4*gimple sum, since temperature is dspendent.

19
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The predictable system errors are at least a factor of 2 better than the
requirement. This analysis did not include noise fram electromagnetic radi-
ation, vwhich was the predominant source of noise in the test. Self-noise

appeared to be less than 500 ppm.

As mentioned under test results, the measured accuracy was 800 ppm
(circle of 0.5-inch diameter). This was attributed to an additional error
source — electromagnetic interference from the low-pressure hydraulic pump.
When this pump was off, the system noise was less than 200 ppnm.
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